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Tuesday,  April  30th — Morning  Session. 

The  AssociatioD  was  called  to  order  at  11  a.m.  by  President  Welch, 
who  delivered  the  following  Introductory  Address  : 

Even  if  there  were  any  temptation  to  deviate  from  the  salutary  cus- 
tom of  most  of  my  predecessors  in  this  office  and  to  inflict  upon  you  an 
address  of  a  general  character  on  this  occasion,  a  glance  at  our  full 
programme  would  make  clear  the  cruelty  of  such  a  proceeding.  The 
insertion  from  year  to  year  at  the  beginning  of  our  programme  of  an 
"  Address  by  the  President "  must  be  intended  mainly  for  decorative 
effect. 

We  are  here  to  listen  to  papers  which  bring  actual  contributions  to 
medical  knowledge  and  to  discuss  them. 

It  is  true  that  when  it  is  recalled  that  this  is  the  first  meeting  of  our 
Association  in  the  new  century,  and  that  it  is  just  fifteen  years  since 
we  first  met,  one  is  tempted  to  cast  a  look  before  and  after;  but  any 
attempt  at  such  a  retrospect  and  outlook  would  lead  so  far  that  it  does 
not  seem  worth  while  to  take  up  this  theme,  and  perhaps  most  of  the 
thoughts  suggested  by  it  are  obvious  enough. 

Before  I  fully  realized  the  importance  of  encroaching  as  little  as  pos- 
sible upon  the  time  devoted  to  the  scientific  work  of  the  Association,  I 
had  in  mind  certain  subjects  which  seemed  appropriate  for  an  address, 
and  to  one  of  these  lines  of  thought  it  may  not  be  out  of  place  to  refer 
in  these  opening  remarks,  although  it  must  be  without  elaboration. 

It  would,  I  think,  be  of  interest  to  compare  the  opportunities  at  pres- 
ent afforded  in  this  country  for  the  training  and  careers  of  those  who 
intend  to  take  up  as  their  life-work  one  of  the  medical  sciences,  such  as 
anatomy,  physiology,  and  pathology,  with  the  opportunities  open  to 
those  who  desire  to  fit  themselves  for  the  higher  positions  in  clinical 
medicine  or  surgery. 

We  now  have  in  this  country  far  from  enough,  but  still  a  fair  num- 
ber, of  well-equipped  and  properly  organized  laboratories  representative 
of  each  of  the  fundamental  medical  sciences,  and  I  venture  to  say  that 
in  these  the  thoroughness  of  laboratory  training  for  students  compares 
favorably  with  that  provided  anywhere  in  the  world.  In  astonishingly 
few  years  the  laboratory  side  of  our  teaching  has  advanced  in  several 
of  our  institutions  from  the  weakest  to  the  strongest  feature  of  the 
medical  curriculum. 

But  what  I  wish  now  to  emphasize  is  not  the  undergraduate  instruction, 
but  rather  the  facts  that  a  young  man  who  chooses  for  his  career  one  of 
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the  scientific  subjects  can  find  in  several  places  in  this  country  the 
opportunities  and  training  to  make  him  a  good  anatomist,  physiologist, 
or  pathologist,  and  if  he  succeeds  in  winning  his  spurs  he  can  look 
forward  with  reasonable  assurance  to  securing  a  desirable  position  as  a 
teacher  and  a  director  of  a  laboratory  of  his  special  branch  of  science. 
He  must  serve  his  apprenticeship  as  an  assistant  for  five,  ten  or  more 
°?-  years,  the  conditions  being  much  like  those  for  promotion  in  the  German 

^  universities. 

^'^^  All  of  this  is  a  gratifying  advance  over  former  conditions.     It  is  true 

ms"  that  we  are  only  at  the  beginning  of  this  direction  of  development,  but 

the  path  has  been  opened  and  entered  upon,  and  the  lines  of  advance 
are  clearly  marked  out. 

Now,  how  is  it  with  similar  opportunities  for  the  far  larger  number  of 
young  physicians  who  wish  to  fit  themselves  for  corresponding  careers 
u:  in  clinical  medicine  and  surgery  ?     In  general  the  only  path  open  to 

d^^^  them  is  through  family  practice  and  work  in  a  dispensary,  supple- 

mented, perhaps,  by  some  laboratory  work.  While  this  may  lead  to 
the  desired  end,  it  does  not  seem  to  me  the  method  adapted  to  secure 
the  best  results.  In  two  respects  there  is  a  striking  contrast  between 
these  conditions  and  those  which  prevail  in  the  making  of  anatomists, 
£;  physiologists,  and  pathologists,  viz. :  in  the  opportunities  and  methods 

i::  for  thorough  and  prolonged  scientific  training  and  in  the  chances  of 

^  promotion. 

ir-  With  one  or  two  exceptions  our  hospitals  do  not  offer  the  requisite 

I  opportunities  to  young  men  who  aim  at  the  higher  careers  in  clinical 

;•-  medicine  and  surgery.     Over  the  ordinary  internes  there  should  be  sal- 

r  aried  resident  positions  of  greater  permaneuce  and  responsibility  to  enable 

=i,  promising  young  men  to  do  scientific  work,  to  acquire  thorough  clinical 

r  experience,  and  to  begin  to  establish  their  reputations  by  contributions 

to  their  special  departments  of  knowledge.     During  this  period,  which 

should  be  one  of  productive  work,  their  positions  would  be  analogous 

^  to  those  of  assistants  in  laboratories,  and,  as  in  the  latter  case,  should 

bring  to  the  front  those  of  demonstrated  ability.     The  reorganization 

of  the  medical  staff  of  the  hospital  necessitated  by  the  change  suggested 

should,  moreover,  increase  its  practical  and  scientific  efiSciency. 

Furthermore,  with  the  present  organization  of  our  medical  schools 
and  hospitals  there  is  but  little  chance  that  a  clinician  who  has  acquired 
a  high  reputation  in  one  place  by  his  scientific  work  in  medicine  or 
surgery  will  be  called  to  a  vacant  position  elsewhere;  whereas,  our 
medical  schools  now  look  the  country  over  to  find  the  best  man  available 
to  fill  a  vacancy  in  the  chairs  of  anatomy,  physiology,  or  pathology. 
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It  would  seem,  then,  that  the  training  of  physicians  and  surgeons  has 
not  kept  pace  with  the  progress  of  medical  science  to  the  same  degree 
as  has  that  of  specialists  in  the  more  purely  scientific  branches.  I  should 
like  to  discuss  this  subject  more  fully,  as  I  am  fully  aware  of  the 
controversial  points  raised ;  but  before  such  a  body  of  physicians  and 
pathologists  as  this  it  may  suffice  to  have  drawn  attention  to  a  matter 
which,  although  not  new,  seems  to  me  of  an  importance  not  fully  and 
generally  recognized. 

There  is  one  point  more  personal  to  the  immediate  interests  of  this 
Association  to  which  I  must  refer,  although  it  has  been  repeatedly 
touched  upon  by  my  predecessors.  This  is  the  pressure  upon  our  doors 
for  admission  by  a  large  number  of  active  workers  in  clinical  medicine, 
pathology,  and  bacteriology,  many  of  whom  would  make  desirable 
members.  It  does  not  seem  to  me  expedient  to  extend  further,  at  least 
for  the  present,  the  limit  of  membership. 

As  was  said  by  Dr.  Delafield,  our  first  President,  in  his  opening 
remarks :  *'  We  want  an  association  composed  of  members,  each  one  of 
whom  is  able  to  contribute  something  real  to  the  common  stock  of 
knowledge,  and  where  he  who  reads  such  a  contribution  feels  sure  of  a 
discriminating  audience."  It  is  important  for  the  maintenance  of  these 
standards  that  those  members  who  are  unable  to  attend  the  meetings 
with  some  degree  of  regularity,  or  to  make  occasional  contributions, 
either  of  papers  or  to  the  discussions,  should  realize  the  congestion 
of  our  ranks  and  the  consequent  exclusion  of  desirable  men  seeking 
admission.  If  all  to  be  recommended  by  the  Council  should  be  elected 
at  this  meeting  the  limit  of  membership  will  be  reached. 

In  this  connection  I  should  like  to  echo  a  suggestion  made  by  a 
former  President,  the  lamented  Dr.  Da  Costa,  who  in  discussing  this 
matter  said :  "  The  question  I  ask  to  present  to  you  is,  Whether  we  could 
not  make  a  freer  use  of  our  honorary  list  and  transfer  to  it  those  who 
have  been  members  for  a  long  time,  but  find  it  inconvenient  to  attend 
with  regularity,  yet  wish  to  remain  with  us  ?  By  so  doing  there  would 
be  a  larger  number  of  vacancies  on  our  active  list.''  This  suggestion 
seems  to  me  well  worthy  of  consideration. 

We  have  rarely  met  without  our  fiag  at  half-mast  on  account  of  the 
death  of  some  of  our  members,  but  never  before  have  we  had  to  mourn 
losses  so  great  as  those  which  we  have  sustained  since  our  last  meeting. 
During  this  period  there  have  passed  away  one  of  our  honorary  members 
and  four  of  the  founders  of  this  Association,  including  three  of  its 
i'ormer  Presidents — Stills,  Whittaker,  Da  Costa,  Busey,  and  Draper. 
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These  were  honored  leaders  in  our  profession,  influential  teachers,  dis- 
tinguished practitioners  and  consultants,  active  contributors  to  medical 
knowledge,  and  faithful  and  zealous  friends  of  this  Association.  It  is 
not  a  little  remarkable  that  all  belonged  to  the  group  of  humanists  who 
have  adorned  so  much  our  profession  by  their  scholarly  attainments, 
and  whose  active  interests  extend  bevond  the  domain  of  medicine  to 
literature,  science,  and  art.  The  record  of  their  lives  and  achievements 
is  so  well  known  to  the  medical  world,  and  especially  so  familiar  to  all 
of  us,  that  I  need  not  enter  into  biographic  details,  and  the  words  of 
tribute  and  characterization  must  through  lack  of  time  necessarily  be 
few. 

Alfred  Stills  (1813-1900),  who  was  one  of  our  seven  original  honorary 
members,  belonged  to  that  interesting  group  of  American  pupils  of  Louis 
who,  bringing  back  the  scientific  spirit  and  the  methods  of  their  mas- 
ter, introduced  the  new  medicine  in  Boston,  New  York,  Philadelphia, 
and  Baltimore  during  the  fourth  decade  of  the  past  century.  But  he 
did  not  go  empty-handed  to  Paris,  for  this  young  physician,  fresh  from 
service  in  Gerhard's  wards  in  the  Philadelphia  Hospital,  made  known 
in  France,  in  a  paper  read  before  the  Soci^t^  M^dicale  d'Observation  in 
1838,  the  important  observations  of  Gerhard  which  established  the  dis- 
tinction between  typhoid  fever  and  typhus  fever.  Stills  was  a  teacher 
of  medicine  for  forty  years,  holding  for  twenty  years  the  Professorship 
of  the  Theory  and  Practice  of  Medicine  in  the  University  of  Pennsyl- 
vania. His  views  on  medical  education  were  enlightened  and,  indeed, 
in  some  respects,  in  advance  of  the  time  of  their  publication.  He  was 
a  close  and  accurate  clinical  observer,  a  thoughtful  and  laborious  stu- 
dent, a  physician  of  high  ideals,  deservedly  honored  by  his  colleagues 
throughout  his  long  and  useful  life.  Of  his  many  publications  there 
may  be  mentioned  as  of  special  importance  his  standard  treatise  on 
Therapeutic8  and  Materia  Medica,  which  passed  through  four  editions 
and  was  translated  into  German;  The  National  Dispensatory ,  by  Still6 
and  Maisch,  a  work  of  great  service  to  physicians  as  well  as  to  pharma- 
cists ;  and  his  valuable  monograph  on  Epidemic  Meningitis,  which  serves 
as  a  good  example  of  his  scholarly  method,  clear  and  finished  style,  and 
precise  observation.  As  physician,  writer,  and  teacher,  Alfred  Stills 
has  a  secure  position  in  the  annals  of  American  medicine. 

James  T.  Whittaker  was  stricken  with  a  fatal  disease  in  the  fulness 
of  his  powers,  and  the  wish  expressed  in  his  Christmas  story,  "  Exiled 
for  L^e  Majesty,"  "  Anyone  would  prefer  to  go  before  his  opinions  are 
as  petrified  as  his  arteries,"  was  amply  fulfilled  for  him.  He  was  en- 
dowed with  unusual  energy,  enthusiasm,  optimism,  and  an  unswerving 
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devotion  to  his  life-work.  He  was  always  among  the  first  to  seize  and 
apply  important  new  ideas  in  medicine,  as  was  well  illustrated  by  his 
hastening  to  Berlin  to  study  with  Koch  immediately  after  the  announce- 
ment of  the  discovery  of  the  tubercle  bacillus,  and  by  the  prompt  and 
interesting  reports  which  he  made  upon  this  subject,  as  well  as  by  his 
later  studies  on  the  use  of  tuberculin.  From  the  date  of  the  publica- 
tion of  his  prize  essay  in  1870  on  The  Morbid  Anatomy  of  the  Placenta 
up  to  his  final  illness  he  published  many  and  valuable  contributions. 
We  shall  miss  sadly  his  participation  in  our  meetings. 

What  need  I  say  before  this  Association  of  Jacob  M.  Da  Costa? 
We  were  proud  of  him  as  the  brightest  ornament  of  the  medical  pro- 
fession of  this  country,  whose  fame  was  world-wide  and  will  endure 
throughout  the  annals  of  American  medicine.  He  will  be  remembered 
not  only  as  a  teacher,  an  author,  a  diagnostician,  and  consultant  of 
great  excellence,  but  also  as  a  man  of  rare  gifts  of  character,  of  culture, 
and  of  personal  charm.  His  originality  and  powers  of  accurate  obser- 
vation and  keen  analysis  were  early  exhibited  in  his  studies  of  cancer  of 
the  pancreas,  and  still  more  strikingly  a  little  later  by  his  studies  on  the 
heart  of  soldiers  in  the  civil  war,  which  led  to  his  epochal  work  On 
Strain  and  Over-action  of  the  Heart.  Of  his  publications,  all  of  value, 
he  is  best  known  by  his  text-book  on  Medical  DiagnodSy  which  has 
passed  through  nine  editions  and  been  translated  into  several  foreign 
languages,  having  achieved  the  greatest  success  of  any  American  text- 
book. I  need  not  recall  with  what  delight  and  instruction  we  listened 
to  Dr.  Da  Costa  in  these  meetings,  the  last  of  which  he  attended  a  year 
ago.  His  unexpected  death  came  as  a  shock  to  all.  He  has  left  a 
record  of  high  achievement  and  an  example  of  the  best  type  of  physi- 
cian and  man. 

It  is  peculiarly  fitting  that  words  of  appreciation  of  Samuel  C. 
Busey  should  be  uttered  in  this  city,  where  his  long  professional  life 
was  spent,  and  where  he  will  be  long  remembered  both  as  a  physician 
and  a  public-spirited  citizen.  He  was  a  man  of  dominant  personality, 
of  lofty  ideas,  of  broad  views,  of  untiring  industry,  and  of  unusual 
organizing  ability.  He  did  not  begin  to  publish  until  his  forty-first 
year,  when  he  had  acquired  a  ripe  experience.  There  followed  163 
distinct  contributions  to  medical  literature,  the  most  numerous  and 
important  relating  to  obstetrics  and  diseases  of  women  and  children. 
Especially  noteworthy  are  his  papers  and  monographs  on  diseases  of 
the  lymph-channels  and  on  the  unjustifiability  of  craniotomy  upon  the 
living  fetus.  The  history  of  medical  legislation  and  of  sanitation  in  the 
District  of  Columbia  is  inseparably  connected  with  the  name  of  Dr. 
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Busej.  What  he  says  in  his  charming  autobiographic  souvenir  is 
true :  "  I  have  uniformly  contended  for  the  honor  and  dignity  of  the 
medical  profession,  which  I  have  believed  could  be  more  effectively 
maintained  by  the  dicta  of  a  high  esprit  de  corps  than  by  the  penal 
provisions  of  a  code  of  ethics  but  rarely  enforced ;  that  the  highest 
standard  of  medical  education  was  demanded  by  every  consideration  of 
professional  duty  and  obligation,  and  that  the  profession  should  assert 
its  prerogatives  of  right  and  power,  in  that  legislators  and  all  others 
in  authority  should  come  to  know  that  science  must  dominate  public 
opinion  in  all  matters  pertaining  to  preventive  and  remedial  medicine." 
During  the  last  six  years  of  his  life  Dr.  Busey  was  physically  disabled 
as  the  result  of  an  unfortunate  accident,  and  he  then  found  solace  in 
literary  pursuits  which  led  to  the  publication  of  historic  and  biographic 
works  of  much  interest  and  value.  Not  only  this  community  but  the 
whole  nation  owe  to  Dr.  Busey  a  debt  of  gratitude  for  his  public  ser- 
vices to  the  national  capital. 

Only  yesterday  was  borne  to  his  last  resting-place  one  of  the 
most  universally  esteemed  and  loved  of  our  members — William  H. 
Draper.  Of  singularly  attractive  personality,  graceful  and  dignified  in 
speech  and  bearing,  scholarly  in  attainments,  he  was  one  whom  his  col- 
leagues always  delighted  to  have  as  their  representative  on  important 
public  occasions,  and  upon  whom  our  choice  naturally  fell  to  preside 
over  this  Association  at  that  first  notable  Congress  of  American  Physi- 
cians and  Surgeons.  In  hospital  and  in  private  practice  he  was  the 
successful  and  beloved  physician,  whose  loss  is  now  deeply  mourned  by 
many  to  whom  he  had  ministered  in  sickness.  His  more  immediate 
interests  were  in  clinical  medicine,  to  which  he  made  valuable  contribu- 
tions, especially  on  the  subjects  of  thermometry,  gout,  disorders  of  nu- 
trition, and  dietetics ;  but  he  was  generously  appreciative  of  all  good 
work  in  medicine,  and  as  President  of  the  Alumni  Association  of  the 
College  of  Physicians  and  Surgeons  and  as  trustee  of  Columbia  Univer- 
sity he  did  much  to  foster  the  development  of  laboratories  and  of  scien- 
tific work  in  that  institution.  He  was  deeply  interested  in  the  welfare 
of  this  Association,  by  whose  members  he  will  always  be  held  in  affec- 
tionate remembrance. 

In  turning  now  to  the  scientific  work  of  the  Association,  permit  me 
to  call  attention  to  the  large  number  of  papers  upon  our  programme. 
It  will  be  possible  to  complete  the  reading  of  all  the  papers  only  by 
brevity  on  the  part  of  the  readers  and  the  participants  in  the  discus- 
sions.    I  shall  feel  called  upon  to  enforce  strictly  the  time  limits  pre- 
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scribed  by  our  by-laws,  and  I  must  ask  that  extension  of  lime  be 
not  requested.  May  I  make  the  suggestion  that  a  paper  in  the  shape 
most  suitable  for  publication  is  not  always  in  the  form  best  adapted  for 
presentation  to  an  audience,  and  especially  that  historic  matter,  detailed 
clinical  records,  and  protocols  of  experiments  can  often  be  omitted,  or  at 
least  very  much  abbreviated,  to  the  advantage  both  of  the  reader  and 
of  the  hearers.  There  is  abundant  promise  in  the  subjects  on  our  pro- 
gramme and  in  the  names  of  those  who  are  to  present  them  that  we  shall 
be  rewarded  by  an  instructive  and  successful  meeting. 

The  Secretary  read  the  list  of  nominees  recommended  by  the  Council 
for  election  to  membership. 

The  Treasurer  read  his  annual  report,  which  was  referred  to  an  audit- 
ing committee  consisting  of  Drs.  Abbott  and  Cabot. 

Dr.  Hare  read  a  paper  entitled  "An  Undescribed  Cardiac  Sound," 
which  was  discussed  by  Dr.  Osier. 

Dr.  Thayer  read  a  paper  entitled  "The  Frequency  and  the  Diagnosis 
of  the  Flint  Murmur  in  Aortic  Insufficiency,"  which  was  discussed  by 
Drs.  Cabot  and  Tyson. 

Dr.  Stengel  read  a  paper  entitled  "  The  Unilateral,  and  Especially 
the  Right-sided,  Occurrence  of  Hydrothorax  in  Cardiac  Disease,"  which 
was  discussed  by  Drs.  Osier,  Wilson,  Janeway,  Hare,  Jacobi,  and 
Stengel. 

Dr.  Robinson  read  a  paper  entitled  "  Myocarditis  and  Fatty  Degen- 
eration of  the  Heart. " 

Dr.  Jacobi  read  a  paper  entitled  "  Hemorrhage  from  a  Pleural  Ab- 
scess," and  one  entitled  "  Cyst  of  the  Omentum,"  which  were  discussed 
by  Drs.  Kinnicutt,  Henry,  Peabody,  Shattuck,  Osier,  and  Jacobi. 

Dr.  Gary  read  a  paper  entitled  "A  Case  of  Lobar  Pneumonia  Com- 
plicated by  Pseudomembranous  Exudate  on  the  Mucous  Membranes  of 
the  Mouth,  Tongue,  Pharynx,  Nares,  Conjunctivae,  Glans  Penis,  Anus, 
etc..  Caused  by  Diplococcus  Pneumoniae." 

Adjourned  at  1.25  p.m. 

Afternoon  Session. 

The  Association  was  called  to  order  at  2.40  p.m.  by  President  Welch. 

The  Auditing  Committee  reported  that  they  had  examined  the  Treas- 
urer's accounts  and  vouchers  and  had  found  them  correct. 

Dr.  Henry  read  a  paper  entitled  "  Further  Notes  of  a  Case  of  Per- 
nicious Anemia  Reported  at  the  Meeting  of  1900." 
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Dr.  Billings  read  a  paper  entitled  "  Report  of  the  Progress  of 
Oases  of  Pernicious  Anemia  presented  to  the  Association  in  1900, 
and  Beport  of  a  Case  of  Pernicious  Anemia  with  Diffuse  Spinal- cord 
Lesion,  with  Postmortem  Findings."  These  two  papers  were  dis* 
cussed  by  Drs.  Putnam,  Osier,  McPhedran,  Shattuck,  Musser,  and 
Billings. 

Dr.  D.  D.  Stewart  read  a  paper  entitled  **  Acute  Miliary  Tubercu- 
losis, Primarily  Splenic." 

Dr.  Musser  read  a  paper  entitled  **  Notes  on  the  Relapsing  Fever  of 
Hodgkin's  Disease,"  which  was  discussed  by  Dr.  Welch. 

Dr.  Stengel  read  for  Drs.  White  and  Pepper  a  paper  entitled  "  A 
Study  of  Granular  Degeneration  of  the  Erythrocyte,"  which  was 
discussed  by  Drs.  Jacobi,  Stewart,  Peabody,  and  Stengel. 

Dr.  M.  A.  Starr  read  a  paper  entitled  "The  Toxic  Origin  of  Neuras- 
thenia and  Melancholia." 

Dr.  W.  W.  Johnston  presented  a  patient,  formerly  shown  to  the  Asso- 
ciation, suffering  from  Addison's  disease. 

Dr.  W.  W.  Johnston  read  a  paper  entitled  *'  The  Evils  Arising  from 
Failure  to  Recognize  the  True  Nature  of  Neurasthenia,  and  Some  Causes 
of  this  Failure."  The  papers  of  Drs.  Starr  and  Johnston  were  discussed 
by  Drs.  Cabot,  Putnam,  Herter,  Baumgarten,  and  Starr. 

Dr.  Herter  read  a  paper  entitled  *'  The  Acid  Intoxication  of  Diabetes 
and  its  Relation  to  Prognosis." 

Dr.  Joslin,  by  invitation,  read  a  paper  entitled  "  Metabolism  in  Dia- 
betic Coma,  with  Especial  Reference  to  Acid  Intoxication."  These  two 
papers  were  discussed  by  Drs.  Vaughan,  Herter,  and  Pfaff. 

Dr.  Adami  read  a  paper  entitled  '*  Classification  of  the  Intoxications 
from  a  Pathologic  Point  of  View." 

Adjourned  at  6  p.m. 

Evening  Session. 

The  Association  was  called  to  order  at  8.15  p.m.  by  President  Welch. 

This  session  was  devoted  entirely  to  lantern-slide  and  microscopic 
demonstrations,  without  discussion. 

Dr.  Bond  demonstrated  "  Some  Features  of  Photomicrography." 

Dr.  Councilman  demonstrated  ''  The  Renal  Lesions  in  Diphtheria." 

Dr.  Ernst  demonstrated  ''  Some  Lantern  Slides." 

Dr.  Flexner  demonstrated  "  Specimens  of  Experimental  Acute  Pan- 
•creatitis." 

Dr.  Welch,  for  Dr.  Opie,  demonstrated  "Specimens  of  Hemorrhagic 
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PaDcreatitis,  Human  and  Experimental,  and  of  Filarial  Lymphatic 
Varix." 

Dr.  Welch,  for  Drs.  MacCallum  and  Buckley,  demonstrated  "Speci- 
mens of  Multiple  Myelomata  and  of  Epizootic  Hemorrhagic  Enceph- 
alitis." 

Adjourned  at  9.50  p.m. 

Wednesday,  May  Ist — Morning  Session. 

The  Association  was  called  to  order  at  10.05  a.m.  by  President  Welch. 

The  following  nominees,  recommended  by  the  Council,  were  elected 
to  membership  in  the  Association  : 

Dr.  C.  L.  Greene,  of  St.  Paul ;  Dr.  William  T.  Howard,  Jr.,  of  Cleve- 
land ;  Dr.  George  Blumer,  of  Albany ;  Dr.  A.  S.  Warthin,  of  Ann 
Arbor;  Dr.  J.  J.  Kinyoun,  of  United  States  Marine  Hospital  Torps ; 
Dr.  E.  K.  Dunham,  of  New  York ;  Dr.  J.  L.  Morse,  of  Boston ;  Dr. 
H.  Jackson,  of  Boston;  Dr.  A.  R.  Edwards,  of  Chicago;  Dr.  H.  U. 
Williams,  of  Buffalo. 

On  recommendation  of  the  Council,  Dr.  Charles  F.  Folsom,  of  Boston, 
was  elected  to  honorary  membership  in  the  Association. 

A  discussion  was  held  on  "  Bubonic  Plague,  Based  upon  the  Outbreak 
in  San  Francisco."  Dr.  Barker  discussed  its  "  Clinical  Aspects,"  Dr. 
Novy  discussed  its  "  Bacteriology,"  and  Dr.  Flexner  discussed  its 
*'  Pathology."  The  discussion  was  continued  by  Drs.  Sternberg,  Park, 
Shattuck,  Vaughan,  Dock,  and  Barker. 

Dr.  Reed  read  a  paper  entitled  **  Experimental  Yellow  Fever,"  which 
was  discussed  by  Dr.  Sternberg. 

Dr.  Ewing  read  a  paper  entitled  *'A  Case  of  Malarial  Nephritis,  with 
Massing  of  the  Parasites  in  the  Kidney." 

Dr.  James  read  a  paper  entitled  **  Septic  Infection  Through  the 
Stomach  and  Duodenum,"  which  was  discussed  by  Drs.  Cabot,  Meltzer, 
Kinnicutt,  and  James. 

Dr.  Musser  read  a  paper  entitled  *'Two  Cases  of  Streptothrical  Infec- 
tion: first,  Bronchopneumonia;  second.  Abscess  of  the  Brain,"  which 
was  discussed  by  Drs.  Abbott  and  Flexner. 

Dr.  McPhedran  presented  a  *'  Specimen  of  Blue  Urine." 

Dr.  Trudeau  demonstrated  a  **  Product  of  Bacillus  Pyocyaneus  Resem- 
bling Vegetable  Gum." 

Dr.  Vaughan  presented  an  abstract  of  his  paper  on  "  The  Toxin  of 
the  Colon  Bacillus." 

Adjourned  at  1.30  p.m. 
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Afternoon  Session. 

The  Association  was  called  to  order  at  2.40  p.m.  by  Vice-President 
Walcott. 

Dr.  Park  read  a  paper  entitled  '*  To  What  Extent  is  Urine  a  Suitable 
Soil  for  Bacterial  Growth  ?  " 

Dr.  Kinnicutt  read  a  paper  entitled  "  Orchitis  Complicating  Typhoid 
Fever/'  which  was  discussed  by  Drs.  Osier,  Shattuck,  Musser,  Williams, 
and  Baumgarten. 

Dr.  Williams  read  a  paper  entitled  ''Notes  on  the  Treatment  of  Some 
Forms  of  Cancer  by  the  X-Rays,"  which  was  discussed  by  Drs.  Bond, 
Peabody,  and  Williams. 

Dr.  Packard  read  a  paper  entitled  ''  Osteitis  Deformans." 

Dr.  Odier  read  a  paper  entitled  "The  Spinal  Form  of  Arthritis 
Defoymans." 

Dr.  Stockton  exhibited  a  "  Skeleton  of  the  Spinal  Form  of  Arthritis 
Deformans." 

Dr.  Lamb,  by  invitation,  exhibited  "  Skeletons  of  the  Spinal  Form  of 
Arthritis  Deformans."  These  papers  were  discussed  by  Drs.  Sachs, 
Griffith,  Cabot,  Putnam,  and  Packard. 

Dr.  Sachs  read  a  paper  entitled  "  Certain  Trophoneuroses  and  their 
Relation  to  Vascular  Disease  of  the  Extremities,"  which  was  discussed 
by  Drs.  Jane  way.  Osier,  Putnam,  and  Sachs. 

Dr.  Stewart  read  a  paper  entitled  "A  Case  of  Subcortical  Glioma  of 
the  Lower  Part  of  the  Ascending  Frontal  Convolutions :  A  Contribu- 
tion to  the  Nature  of  the  Speech  Disturbance  Arising  from  Lesions  in 
this  Situation." 

Dr.  Putpam  read  a  paper  entitled  "  Personal  Experiences  in  Cases  of 
Jacksonian  Epilepsy,  with  Special  Reference  to  the  Question  of  Treat- 
ment by  Operation ;"  discussed  by  Drs.  Jacobi,  Sachs,  and  Putnam. 

Dr.  J.  K.  Mitchell  read  a  paper  entitled  **  Clinical,  Physiologic,  and 
Chemical  Studies  of  three  Cases  of  Family  Periodic  Paralysis,"  which 
was  discussed  by  Drs.  Putnam,  Meltzer,  Mitchell,  and  Jacobi. 

Dr.  Forchheimer  read  a  paper  entitled  "  The  Heredity  of  Appendi- 
citis," which  was  discussed  by  Drs.  Blackader  and  Forchheimer. 

Adjourned  at  6.05  p.m. 

Thursday,  May  2d — Morning  Session. 

The  Association  was  called  to  order  at  10  a.m.  by  President  Welch, 
The  Secretary  read  the  list  of  officers  recommended  for  election  by 
the  Councillors. 

Am  Phys  c 


XXVI  MINUTES. 

Dr.  Pfaff  read  a  paper  entitled  "  Some  Observations  Made  in  a  Case 
of  Diverticulum  of  the  Esophagus,"  which  was  discussed  by  Dr. 
Meltzer. 

Dr.  Trudeau  read  a  paper  entitled  "  The  Importance  of  a  Recognition 
of  the  Significance  of  Early  Tuberculosis  in  its  Relation  to  Treatment," 
which  was  discussed  by  Drs.  McPhedran,  Jacobi,  and  Trudeau. 

Dr.  Adami  read  a  paper  entitled  "A  Study  of  a  Series  of  Cases  of 
Burns,"  which  was  discussed  by  Drs.  Flexner,  Jacobi,  Welch,  and 
Adami. 

Dr.  Meltzer  read  a  paper  entitled  "  Hemolysis." 

During  the  meeting  the  following  papers  were  read  by  title : 

"  Slow  Pulse,  with  Special  Reference  to  Stokes- Adams  Disease,"  by 
R.  T.  Edes.  "A  Case  of  Acute  Leukemia  Presenting  Some  Interesting 
Features,"  by  D.  D.  Stewart.  "  Sarcosporidia  of  the  Mouse  (Sarco- 
cystis  Muris)  Transmitted  Directly  by  Feeding  Muscular  Tissue,"  by 
T.  Smith.  **  The  Relative  Prevalence  of  Bright's  Disease  in  New  York, 
London,  and  Berlin,"  by  H.  M.  Biggs.  "  Lithemic  or  Recurrent 
Coryza,"  by  B.  K.  Rachford.  "A  Further  Report  on  a  Case  of  Pre- 
systolic Mitral  Murmur  Associated  with  Systolic  Tricuspid  Murmur 
Complicating  Pregnancy,  Reported  to  the  Association  in  May,  1899," 
by  James  Tyson.  "  The  Extension  of  Aortic  Aneurysms  Into  and  Be- 
tween the  Walls  of  the  Heart,  and  Dissecting  Aneurysms  of  the  Heart," 
by  L.  Hektoen.  **A  Study  of  Bacteria  Isolated  from  Cases  of  Dysen- 
tery," by  F.  F.  Wesbrook.  "  Report  of  a  Case  of  Spondylosis  Rhizo- 
melia,  with  Autopsy,"  by  C.  L.  Dana.  "  Observations  on  the  Nature 
and  Treatment  of  Pernicious  Anemia,"  by  A.  McPhedran.  "The 
Relation  of  the  Tracheal  Tug  to  Fixation  and  Elasticity  of  the  Left 
Lung,"  by  H.  Sewall. 

It  was  resolved  that  the  Recorder  be  requested  to  have  a  complete 
index  made  to  the  Transactions  of  the  Association. 

The  following  officers  were  elected : 

President — James  C.  Wilson. 
Vice-President — James  Stewart, 
Recorder — S.  Solis  Cohen. 
Secretary — Henry  Hun. 
Treasurer — J.  P.  Crozer  Griffith. 
Councillors — Frank  Billings  and  F.  P.  Kinnicutt. 
Representative   on   the   Executive  Committee   of  the    Congress   oj 
American  Physicians  and  Surgeons — William  Osier. 
Alternate  Representative — F.  H.  Williams. 


MINUTES.  XXYlt 

On  motion  of  Dr.  McPhedran,  it  was  resolved  that  the  Secretary  be 
instructed  to  present  the  thanks  of  the  Association  to  the  Cosmos  Club 
and  to  the  Arlington  Hotel  for  furnishing  rooms  for  the  meeting. 

On  motion  of  Dr.  Jacobi,  it  was  resolved  that  the  thanks  and  con- 
gratulations of  the  Association  are  due  Dr.  Welch  for  his  labors,  which 
have  resulted  in  such  a  successflil  meeting  of  the  Association. 

Adjourned  at  12  m. 

HENRY  HUN, 

Secretary. 


NOTICE. 


The  Association  assumes  no  responsibility  for  the  statements  and 
opinions  expressed  in  the  papers  read  at  its  meetings. 


AN  UXDESCRIBED  (URDIAC  SOUND. 


By  H.  a.  hare,  M.D., 

OF  PHILADELPHIA. 


I  AM  not  ignorant  of  the  fact  that  in  giving  this  title  to  the  brief 
paper  which  I  am  about  to  present  for  your  consideration  I  have 
had  a  certain  amount  of  temerity,  for  the  discussion  of  any  physical 
sign  at  the  present  time  that  has  not  already  been  described  is  appar- 
ently impossible.  There  is  no  doubt  in  my  mind  that  everyone  here 
has  heard  this  sound,  and  yet  I  am  not  familiar  with  any  mention 
of  it  in  books  devoted  to  physical  diagnosis  or  the  practice  of  medi- 
cine. The  title  of  my  paper  is,  therefore,  correct,  even  if  it  is  not  a 
new  sound.  The  sound  to  which  I  refer  is  that  peculiar  vibrating 
sound  occurring  with  systole  and  heard  best  in  an  area  extending 
from  one  inch  to  the  right  of  the  sternum  to  one  inch  to  the  left  of 
the  nipple,  on  the  nipple  level,  and  which  is  sometimes  so  dry,  if  I 
may  use  such  a  term,  that  I  have  at  times  considered  it  somewhat 
like  the  pericardial  friction-sound  heard  in  pericarditis  near  the 
base.  That  it  is  not  a  friction-sound  I  am  very  confident,  although 
I  must  admit  that  its  cause  is  not  clear.  Personally,  I  believe  it  to 
be  due  to  vibrations  in  the  chordae  tendinse  produced  by  imperfect 
contraction  of  their  muscular  attachments,  because  I  have  never 
met  with  the  sound  except  in  cases  of  general  debility  with  a  feeble, 
irritable  heart.  So  frequently  have  I  met  with  this  sound  in  cases 
of  early  pulmonary  tuberculosis  that  I  have  come  to  regard  it  as 
indicative  of  this  disease,  and  always  search  particularly  closely  for 
pulmonary  signs  if  this  cardiac  sign  is  present.  I  do  not  think  I 
have  heard  it  frequently  if  at  all  in  advanced  phthisis,  but  I  have 
very  commonly  heard  it  in  the  general  systemic  and  cardiac  feeble- 
ness of  influenzal  convalescence.  It  is  emphatically  not  the  hemic 
murmur  of  anemia  either  in  the  area  of  sound  or  in  its  character. 
The  hemic  murmur,  so  called,  while  it  may  be  heard  at  the  apex, 
is  generally  heard  elsewhere,  and  is  soft  and  purring,  or  blowing, 
while  the  sound  I  refer  to  is  not  a  murmur  in  the  ordinary  sense, 
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but  a  vibratory  sound  resembling  the  sound  "  ching ''  at  each  systole. 
It  is  short  and  ([uick,  not  changed  by  deep  or  superficial  pressure  of 
the  stethoscope,  and  is  not  entirely  put  aside  by  rest  in  many  cases, 
although  it  is  usually  decreased  by  this  means.  It  becomes  accent- 
uated by  nervousness  or  fear,  but  not  by  exercise  of  a  sufficiently 
violent  kind  to  distinctly  accentuate  ordinary  sounds.  The  sound 
"  ching  "  first  named  does  not  quite  represent  the  sound  I  refer  to, 
being  too  metallic  and  not  crisp  enough,  but  I  can  find  no  word 
that  represents  it  better.  Sometimes  it  has  a  coin  sound,  and  can 
be  represented  by  the  sound  made  by  the  school-boy  who  clasps  his 
hands  together,  having  a  small  air-space  between  the  palms,  and 
then  strikes  the  back  of  one  of  the  clasped  hands  on  his  knee  in  the 
endeavor  to  make  a  friend  believe  that  he  holds  coins  between  the 
hands.  This  sound  is  not  the  musical  murmur  described  by  Dr. 
Da  Costa  in  irritable  heart,  which  resembles  the  "cooing  of  a 
pigeon,"  for  it  is  not  so  clear  and  distinct.  It  is  more  like  that 
caused  by  touching  a  stiffly  starched  cufF  against  the  other  w^hile 
they  are  on  the  wrist,  allowing  them  to  rub  slightly.  The  sound  is 
usually  heard  in  shallow  chested  persons  who  have  a  diflFuse  apex- 
beat  with  dilatation,  actual  or  relative,  and  when  the  heart  is 
speeding  at  about  100  to  120.  I  have  never  met  with  this  sound 
in  cases  of  ruptured  compensation  or  in  cases  of  fatty  heart,  nor  is 
it  the  loud,  accentuated,  ringing  sound  met  with  in  healthy  hearts 
after  exercise  or  due  to  excitement ;  nor,  again,  is  it  the  conditon 
described  by  Dr.  Da  Costa  as  the  "  irritable  heart  of  soldiers,"  or 
that  by  AUbutt,  Seitz,  or  Mcl^ean.  There  are  no  subjective  cardiac 
symptoms  on  the  part  of  the  patient,  as  a  rule. 


DISCUSSION. 

Dr.  Osler  :  There  are  two  interesting  sounds  which  you  hear,  either  of 
which  might  be  this  new  sound  of  Dr.  Hare's.  I  think  we  all  must  have 
been  impressed  by  the  fact  that  frequently  at  the  apex  we  hear  a  little  grat- 
ing sound  much  like  a  fine  pericardial  friction,  yet  it  has  not  the  rubbing 
nature  of  that  sound.  There  is  a  distinct  difference  in  the  majority  of  healthy 
hearts  between  the  first  sound  over  the  apex  and  that  as  you  move  toward 
the  sternum,  a  more  crunching  sound,  which  is  peculiar  and  remarkable.  I 
do  not  know  that  1  ever  heard  the  sound  Dr.  Hare  refers  to  unless  it  is 
one  of  those  peculiar  sounds  that  has  sometimes  worried  and  sometimes 
puzzled  me. 


RIGHT-SIDED   CARDIAC   HYDROTHORAX. 


By  ALFRED  STENGEL,  M.D., 

OF  PHILADELPHIA. 


My  interest  in  the  subject  of  unilateral  and  especially  right-sided 
hydrothorax  was  occasioned  by  a  succession  of  cases  under  my  obser- 
vation in  1893,  at  a  time  when  I  was  collaborating  in  the  preparation 
of  some  text-book  articles  on  the  subject  of  cardiac  disease.  I  then 
had  at  one  time  under  observation  three  cases  of  unilateral  hydro- 
thorax  without  external  edema,  and  the  difiBculty  in  distinguishing 
such  effusions  from  inflammatory  pleural  exudates  led  me  to  investi- 
gate the  causes  of  the  conditions.  Subsequently  another  series  of  cases 
led  me  to  invite  Dr.  J.  Dutton  Steele^  to  report  them  and  publish  our 
views  regarding  the  causation  of  this  one-sided  nature  of  pleural 
dropsy. 

Systematic  writers^  almost  without  exception,  state  that  the  effusion 
in  heart  disease  is  always  bilateral.  Occasionally,  however,  the  state- 
ment is  met  with  that  it  may  be  unilateral,  and  that  it  is  more  fre- 
quent on  the  right  side  than  on  the  left.  MacLean^  quoted  Home 
and  reported  a  case  of  right-sided  hydrothorax  in  a  man,  forty-five 
years  of  age,  who  was  suffering  from  some  form  of  tumor  of  the  liver. 
He  also  referred  to  Hoffmann,  who  reported  the  same  occurrence  in 
a  man  of  sixty  years  with  enlargement  of  the  liver.  H.  Kennedy^ 
states  that  ^'  in  heart  disease  double  pleural  effusion  occurs,  though 
one  side  contains  more  fluid  than  the  other.  Hydrothorax  on  one 
side  is  the  exception.  As  far  as  my  observation  has  gone,  when  the 
effusion  was  single  the  right  pleura  was  the  one  engaged."  Subse- 
quently, in  1868,  Wintrich*  states  that  hydrothorax  is  unilateral  when 
the  pleura  of  the  other  side  is  closed  by  adhesions,  but  very  rarely  is 

1  University  Medical  Magazine,  May,  1897.  '^  On  Hydrothorax,  1814. 

3  Dublin  Journal  of  Medical  Sciences,  1884,  vol.  zv.  p.  236. 
*  Virchow's  Handbuch  der  Path.  u.  Therap.,  vol.  v.  p.  366. 
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it  one-sided,  though  the  opposite  pleura  is  normal.  The  right  pleura 
was,  in  his  experience,  habitually  the  seat  of  the  greater  amount  of 
liquid.  In  the  course  of  his  article  he  refers  to  a  case  (quoted  quite 
fully  in  Steele's  paper)  in  which  there  was  a  right  unilateral  effusion 
of  considerable  magnitude,  without  general  edema  and  with  no  lesions 
excepting  a  fatty  heart  and  liver.  A  most  interesting  case  was  re- 
ported by  Pepper*  of  a  man,  aged  seventy-one  years,  with  right-sided 
hydrothorax.  The  effusion  was  tapped  several  times.  In  this  case 
pleural  adhesions  were  found  on  the  left  side.  The  case  was  addi- 
tionally interesting  from  the  existence  of  cirrhosis  of  the  liver. 

Since  the  publication  of  Steele's  paper  I  have  repeatedly  observed 
the  same  characteristic  disposition  of  the  effusion,  and  have  made, 
further  observations  of  the  anatomic  relations  at  autopsies,  as  well  as 
in  the  anatomic  subject,  as  a  result  of  which  I  feel  more  thoroughly 
satisfied  with  the  soundness  of  the  view  which  Dr.  Steele  and  I  held 
and  which  he  published  in  his  paper.  To  determine  the  frequency 
of  hydrothorax  and  the  conditions  of  its  occurrence,  I  have  analyzed 
a  hundred  consecutive  cases  of  cardiac  disease  that  have  been  under 
my  observation  in  the  University  Hospital,  and  in  which  sufficient 
clinical  or  pathologic  information  was  preserved  to  make  the  notes 
of  value  for  my  present  purposes. 

These  100  cases  included  17  in  which  the  clinical  or  pathologic 
evidence  proved  the  existence  of  hydrothorax.  This  proportion  con- 
trasts  strongly  with  that  obtained  by  Steele  in  his  analysis  of  the 
autopsy  records  in  the  Middlesex  Hospital  and  the  Philadelphia  Hos- 
pital. Among  a  total  of  2427  autopsies,  173  were  cardiac  cases  in  a 
strict  sense,'  and  of  these  75  were  complicated  with  hydrothorax ;  but 
this  series,  it  is  to  be  noted,  consists  of  fatal  cases  of  cardiac  disease, 
while  mine  includes  only  a  minority  of  fatal  ones. 

Of  the  17  cases  in  my  series  of  cases,  5  were  instances  of  effusion 
on  the  right  side  only  (the  evidence  of  effusion  in  one  of  the  5  being 
somewhat  questionable) ;  3  were  cases  of  left-sided  effusion,  in  2  of 
which  the  right  pleura  was  found  entirely  obliterated  at  autopsy,  and 
in  the  third  there  was  a  suspicion  of  an  aneurysm  in  the  left  chest ;  9 
cases  had  bilateral  effusion  at  some  stage — 2  of  these  were  first  right- 
sided,  then  bilateral,  with  less  extensive  effusion  on  the  left  side ;  in 

i  Philadelphia  Medical  Times,  1872-1.S73,  vol.  iii.  p.  r>«0. 

2  Oiily  cases  of  chronic  myocardial  or  valvular  diseases  were  included. 
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the  Other  7  the  effasion  was  bilateral  from  the  beginning,  but  the 
right  side  was  particularly  affected.  Condensing  these  figures,  we 
find  that  the  effusion  was  at  some  time  confined  to  the  right  side  in  7, 
was  bilateral  with  greater  involvement  of  the  right  side  in  7,  and  was 
left-sided  in  8.  These  figures  show  even  a  greater  preference  of 
hydrothorax  for  the  right  side  than  did  the  statistics  of  Steele,  and 
warrant  the  statement  that  the  distribution  is  not  an  accidental  one. 

Distribution  of  Fluid. 

Unilateral,  right 5 

Unilateral,  left 3* 

Unilateral,  right ;  followed  by  slighter  left  pleural  effasion  2 

Bilateral,  right  effusion  predominating        ....  7 

Total 17 

When  we  come  to  consider  the  etiology  of  hydrothorax,  a  retro- 
spect of  the  causes  of  dropsical  effusion  is  in  place.  Obstructions  of 
the  venous  circulation  by  causing  stasis  and  increased  intravenous 
pressure  take  the  first  place;  next  in  importance  is  lymphatic  ob- 
struction, with  consequent  accumulation  of  the  normal  extravasates ; 
a  third  condition  is  the  state  of  the  perivascular  tissues ;  this  operates 
by  reducing  tissue  tone,  and  thus  lessening  the  barrier  to  extra- 
vasation, as,  for  example,  when  a  chronic  inflammatory  condition  of 
the  serosa  of  the  pleura  or  peritoneum  occasions  excessive  leakage ;  a 
fourth  and  relatively  unimportant  condition  is  hydremia  or  anemia. 

When  my  attention  was  first  directed  to  unilateral  hydrothorax 
without  external  edema,  it  seemed  likely  that  an  old  pleural  inflam- 
mation on  the  affected  side  had  so  altered  the  perivascular  tissues  that 
subsequently  serous  extravasation  occurred  with  general  venous  stasis 
that  had  not  become  sufficient  to  cause  external  or  bilateral  pleural 
edema.  This  view  was  supported  by  the  observations  of  Piazza- 
Martini,  Lizzato,  Cardanelli,  Villani,  Pepper,  Howe,  and  Hofi'mann, 
who  recorded  cases  of  right-sided  hydrothorax  in  association  with 
hepatic  cirrhosis  and  other  hepatic  diseases ;  and  by  the  suggestion 
of  Villani  and  Pepper  that  irritations  or  inflammations  of  the  liver  may 
extend  through  the  diaphragm  to  the  pleura,  and  thus  occasion  a 
combined  pleural  exudate  and  transudate.  The  regular  occurrence, 
however,  of  hydrothorax  on  the  right  side  without  any  manifest  or 

1  In  one  possibly  aneuryRm  in  left  chest ;  in  the  other  two  total  obliteration  of  right  pleura. 
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probable  disease  of  the  liver  made  this  explanation  improbable.  It 
seemed,  then,  that  some  anatomic  condition  was  to  be  sought,  and  two 
suggestions  offer  themselves :  either  the  obstruction  of  the  circulation 
in  the  superior  vena  cava  causes  obstruction  of  the  outflow  of  the  right 
lymphatic  duct  and  consequent  accumulation  of  serous  liquid,  or  the 
venous  circulation  in  the  intercostal  and  right  bronchial  veins  enter- 
ing the  vena  azygos  major  is  obstructed,  and  excessive  venous  transu- 
dation causes  the  unilateral  hydrothorax.  The  former  view  is  unlikely, 
because  the  right  lymphatic  duct  is  quite  effectually  protected  by 
valves,  and  for  the  reason  that  in  case  this  were  the  cause  of  the 
hydrothorax,  unilateral  swelling  of  the  arm,  neck,  and  chest  of  the 
right  side  would  of  necessity  be  more  frequent.  It  has  occurred  to 
me  that  a  study  of  the  specific  gravity  of  the  fluid  might  throw 
some  light  upon  the  cause  of  the  effusion.  A  priori  an  effusion  due 
to  lymphatic  obstruction  and  accumulation  of  the  normal  transudates 
ought  to  have  a  higher  specific  gravity  than  that  of  a  transudate  due 
to  venous  obstruction ;  but  statistics  do  not  substantiate  this  view. 
Thus  the  ascitic  fluid  in  cases  of  tumors  of  the  receptaculum  chyli  has 
been  found  by  various  observers :  1009  (Bargabuhr),  1007  and  1012 
(Leybecker),  1008  (Unger),  1010  (Hektoen),  1014  (Schram),  1014 
(Renvers),  and  1011  and  1015  (Senator).  These  figures  agree  quite 
closely  with  those  obtained  in  hydrothorax  or  hepatic  ascites,  and 
negative  our  expectations,  though,  as  Ribbert  observes,  the  condi- 
tions of  lymph  formation  are  so  altered  by  obstruction  of  a  main 
channel  that  the  composition  of  the  lymph  varies  from  the  normal. 
Without  this  confirmation,  however,  the  other  reasons  given  seem  to 
me  sufiicient  to  indicate  that  obstruction  of  the  right  lymphatic  duct 
is  not  the  operative  cause. 

Before  considering  the  question  of  venous  obstruction  it  is  of  inter- 
est to  note  the  varieties  of  cardiac  disease  in  which  right-sided  hydro- 
thorax has  occurred. 

Table  of  One  Hundred  Consecutive  Cases  of  Chronic 

Heart  Disease. 

1.  Mitral  valve  alone  affected  : 


Mitral  regurgitation 
Mitral  stenosis  and  regurgitation 
Mitral  (unspecified) 
Mitral  stenosis      .         .         .         . 
Total         .        .         .        . 


9 


t 


8 
S 

6 
—     49 
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2.  Aortic  valve  alone  affected : 

Aortic  stenosis  and  regurgitation 
Aortic  regurgitation     .... 
Aortic  valve  disease    .... 
Total 

8.  Aortic  and  mitral  disease  .... 

4.  Myocardial  disease  (fibroid,  fatty,  and  dilated) 

5.  Aortic,  mitral,  and  tricuspid  disease 

6.  Mitral  and  tricuspid  disease 

Grand  total      .... 


10 
5 
2 


17 

13 

18 

4 

4 

100 


Table  of  Seventeen  Cases  op  Heart  Disease  Attended 

WITH   HyDROTHORAX. 


1. 

Mitral  valve  alone  affected  : 

Mitral  regurgitation 

Mitral  stenosis  and  regurgitation 

Mitral  stenosis 

Total 

.       5 
.       2 
.       1 

.    —      8 

2. 
3. 
4. 

Aortic  and  mitral  disease 

Aortic,  mitral,  and  tricuspid  disease 
Myocardial  disease 

4 
8 
2 

.1 

Grand  total 

17 

In  the  entire  series  of  cases  analyzed  there  was  clinical  or  patho- 
logic evidence  of  mitral  disease  in  70  per  cent,  of  the  cases,  and  of 
tricuspid  disease  in  8  per  cent. ;  in  the  series  of  17  cases  with  hydro- 
thorax,  the  mitral  valve  was  affected  in  88  per  cent,  of  the  cases  and 
the  tricuspid  in  17  per  cent.  While  both  series  are  so  small  that 
great  weight  cannot  be  laid  upon  the  figures  given,  especially  as  it  is 
likely  from  general  considerations  that  mitral  disease  (primary  or 
secondary)  is  always  present  when  dropsies  set  in,  some  value  at  least 
attaches  to  the  fact  that  in  all  cases  in  which  right-sided  hydrothorax 
had  occurred  there  was  considerable  enlargement  of  the  right  heart. 
Much  more  important  indications  were  met  with  in  two  autopsies  in 
which  unusual  dilatation  of  the  right  ventricle,  auricle,  and  vena* 
cavsB,  and  marked  backward  pressure  upon  the  root  of  the  right  lung 
and  azygos  vein  were  discovered.  Taking  these  facts  in  connection 
with  anatomic  studies,  it  is  evident  that  the  pressure  here  indicated 
is  the  cause  of  the  sole  or  predominating  effusion  in  the  right  side. 
Though  I  had  reached  this  opinion  independently,  it  had  been  previ- 
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ously  expressed  by  others.  Jaccoud/  while  discussing  the  etiology  of 
right-sided  hydrothorax  in  cases  of  tumors,  etc.,  as  well  as  in  heart 
disease,  suggests  pressure  upon  the  azygos  vein  and  superior  vena 
cava  as  the  cause ;  and  Piazza-Martini  believes  that  the  effusion  in 
cirrhosis  of  the  liver  is  due  to  pressure  on  the  azygos  vein  by  dilated 
esophageal  veins.  A  study  of  the  anatomic  relations  of  the  azygos 
vein,  as  seen  in  the  accompanying  drawing,  shows  its  close  relations 
to  the  inferior  vena  cava  and  right  auricle  below  and  to  the  bronchus 
and  vessels  of  the  root  of  the  right  lung  above.  Even  a  moderate 
dilatation  of  the  auricle  and  cavse  must  of  necessity  exercise  consider- 
able compression  upon  the  azygos  vein,  and  thus  reduce  its  lumen. 
On  the  left  side  conditions  are  very  different.  The  higher  position 
of  the  left  auricle  prevents  compression  of  the  lower  azygos  vein, 
which  receives  the  intercostal  veins  up  to  the  sixth  or  seventh  inter- 
spaces, and  then  empties  into  the  major  azygos  after  crossing  the  ver- 
tebral column.  The  upper  left  azygos  vein  drains  but  one  or  two 
intercostal  spaces,  and  is  so  placed  as  to  be  little  likely  to  be  com- 
pressed. The  left  superior  intercostal  vein  is  quite  out  of  reach  of 
compression  and  its  flow  is  upward,  so  that  even  a  compression  of  its 
lower  part  could  have  little  effect.  These  facts  show  the  readiness 
with  which  dropsical  effusions  of  the  right  chest  may  be  occasioned 
by  dilatation  of  the  right  auricle  with  direct  and  indirect  pressure 
(the  latter  by  displacement  of  the  root  of  the  right  lung)  of  the  major 
azygos  vein. 

The  secondary  and  less  extensive  effusion  in  the  left  chest  is  explained 
by  the  fact  that  the  lower  and  upper  azygos  veins  of  the  left  side  dis- 
charge into  the  major  azygos.  Obstruction  of  the  last-named  vessel 
would  therefore  occasion  immediate  and  complete  venous  stasis  in  the 
right  chest  and  secondary  stasis  in  the  lower  portions  of  the  left 
chest.  The  anatomic  conditions,  then,  bear  out  completely  the 
clinical  observations. 

Finally,  a  point  of  practical  interest  needs  consideration.  Though 
most  authors  state  without  reservation  that  inflammatory  pleural  effu- 
sion is  distinguishable  from  hydrothorax  by  its  unilateral  character, 
the  preliminary  symptoms  and  the  fever,  some,  as  Leube,  Pepper, 
and    Osier,  have    very  properly  insisted  that  hydrothorax  may  be 

•  Traite  de  Patholople  Interne. 
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unilateral  and  unattended  by  external  edema ;  and,  on  the  other  hand, 
inQammatory  pleural  eifusion  may  be  latent — that  is,  unaccompanied 
by  the  usual  symptoms.  A  knowledge,  then,  of  the  possibility  of 
hydrothorax  of  this  character  is  of  clinical  importance,  though,  even 
with  the  full  recognition  of  this  possibility,  difficulty  may  occasion- 
ally arise  in  determining  whether  an  effusion  is  dropsical  or  inflam- 
matory. This  diflSculty  was  met  with  in  Case  I.  of  my  series,  but 
happily  the  difficulty  is  rare  and  hardly  ever  insuperable.  In  some 
cases  a  unilateral  hydrothorax  is  chronic  in  character,  and  the  fluid 
after  repeated  tapping  increases  in  specific  gravity  as  in  Case  I.  In 
such  instances  it  may  be  that  a  secondary  inflammatory  exudation 
has  been  added  to  the  dropsical  effusion. 

Summary  of  Cases. 

Case  I — J.  M.,  aged  thirty-three  years,  had  suffered  with  severe  pain  at 
the  lower  part  of  the  thorax  six  weeks  prior  to  admission.  He  had  noted, 
however,  an  increasing  rapidity  of  heart  action  and  a  tendency  to  palpita- 
tion for  a  year  prior  to  the  onset  of  this  trouble.  After  the  attack  of  pain, 
which  passed  from  one  side  of  the  chest  to  the  other,  he  suffered  with  palpi- 
tation, spasmodic  dyspnea,  and  great  weakness,  but  after  some  days  he  im- 
proved and  resumed  his  work.  Two  weeks  later  there  was  a  recurrence  of 
the  trouble,  and  afler  that  he  was  compelled  to  discontinue  his  work. 

When  admitted  to  the  hospital  there  was  evidence  of  fluid  in  the  right  chest. 
The  right  apex  was  rather  hyperresonant,  and  this  note  was  found  as  far 
down  as  the  fifth  interspace  in  the  recumbent  posture.  In  the  sitting  pos- 
ture the  level  of  dulness  rose  three-fourths  of  an  inch.  The  level  of  dulness 
was  higher  in  the  axilla  than  at  the  front  or  back.  The  left  chest  was  hyper- 
resonant throughout  the  normal  pulmonary  limits.  The  heart-sounds  were 
extremely  irregular  and  rapid ;  the  fetal  rhythm  was  sometimes  present,  but 
the  sounds  were  not  especially  valvular  in  character.  At  the  aortic  cartilage 
the  sounds  were  heard  with  great  difficulty. 

The  subsequent  history  of  the  patient  in  the  hospital  showed  evidence  of 
a  primary  cardiac  lesion. 

A  month  afler  his  admission  the  right  che»t  was  aspirated  and  seventy-two 
ounces  of  clear,  serous  liquid  was  removed.  The  specific  gravity  of  the  liquid 
was  1010.  There  was  a  small  number  of  leukocytes  and  red  blood-cells. 
Subsequently  distinct  evidences  of  mitral  regurgitation  were  obtained  and 
the  fluid  in  the  chest  disappeared.  Later  attacks  of  delirium  cordis  and 
evidences  of  mitral  stenosis,  as  well  ss^  regurgitation,  appeared. 

Afler  leaving  the  hospital  he  was  readmitted  with  swelling  of  the  feet  and 
a  reaccumulation  of  liquid  in  the  right  pleural  cavity.  The  liquid  this  time 
extended  as  far  as  the  third  interspace;  sixty-two  ounces  of  liquid,  specific 
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gravity  1017,  were  removed.    The  patient  eventually  recovered  compensa- 
tion and  was  discharged. 

Case  II. — Ed.  M  ,  aged  aeventy-two  years,  a  miller,  was  admitted  to  the 
hospital  complaining  of  shortness  of  breaih  of  several  years*  duration. 
There  was  also  palpitation  of  the  heart  and  edema  of  the  lungs. 

Physical  examination  showed  the  signs  of  general  atheroma,  with  aortic 
and  mitral  disease  and  tricuspid  regurgitation.  There  was  a  loud,  rasping, 
double  murmur  at  the  aortic  region,  and  a  softer,  systolic  murmur  at  the 
apex,  which  was  transmitted  outward.  At  the  ensiform  there  was  a  super- 
ficial systolic  murmur,  which  faded  in  intensity  toward  the  apex.  The  right 
chest  was  flat  from  the  third  rib  downward. 

Tapping  of  the  abdomen  removed  two  and  one-half  quarts  of  liquid  and 
subsequently  two  quarts  of  clear,  yellow  serum.  The  patient  finally  devel- 
oped Cheyne- Stokes  breathing  and  died.     No  autopsy. 

Case  III. — Chas.  R.,  aged  thirty- three  years,  a  packer,  had  been  subjected 
in  his  occupation  to  very  hard  labor.  His  illness  began  after  taking  cold  a 
few  months  prior  to  admission.  Shortness  of  breath,  and  later  swelling  of 
the  feet  and  legs,  were  the  prominent  symptoms.  He  was  admitted  with 
some  dyspnea  and  great  swelling  of  the  legs.  The  heart  action  was  extremely 
irregular,  but  no  murmur  could  be  detected.  Dulness  was  found  over  the 
bases  of  both  lungs,  more  marked  on  the  right  side.  The  edema  increased. 
Fluid  in  the  right  chest  was  afterward  discovered  and  aspiration  was  prac- 
tised. Thirty -five  ounces  of  clear,  straw-colored  fluid  were  drawn  off.  The 
specific  gravity  of  this  was  1010.  There  was  considerable  relief  and  steady 
improvement,  but  there  was  still  fluid  in  both  sides  of  the  chest,  the  note 
reading:  "Dulness  extends  about  half-way  up  the  chest  posteriorly  on  the 
lefl  side  and  about  two-thirds  up  over  the  right." 

Case  IV. — J.  G.,  aged  fifty-two  years,  a  hostler,  had  had  dropsy  when  a 
child,  but  recovered  completely.  He  had  been  a  hard  drinker.  He  had 
rheumatism  two  years  before,  the  attack  lasting  two  months.  He  had 
suffered  from  palpitation,  and  the  winter  previous  to  his  admission  had 
swelling  of  his  hands  and  feet,  with  shortness  of  breath. 

When  admitted  he  had  extreme  dyspnea.  The  heart-sounds  were  very 
irregular  and  weak,  and  a  systolic  mitral  murmur  was  discovered.  There 
was  no  albumin  in  the  urine,  nor  any  other  signs  of  renal  disease.  The  legs 
were  tensely  distended  with  dropsical  inflltration.  There  was  slight  dulness 
at  the  bases  of  both  lungs.  He  suffered  with  repeated  attacks  of  intense 
dyspnea,  and  finally  he  died  suddenly  in  one  of  these  attacks. 

At  the  autopsy  there  was  found  slight  aortic  valvular  thickening.  The 
mitral  valve  and  ring  seemed  normal.  The  right  ventricle  was  greatly 
dilated.  The  right  auricle  and  the  vena  cava  were  also  greatly  dilated. 
The  weight  of  the  heart  was  5()0  grams.  The  right  pleural  cavity  was  one- 
half  full  of  serum,  the  left  one-quarter  full.  The  lungs  showed  some  em- 
physema, chronic  bronchitis,  and  areas  of  atelectasis.  The  liver  weighed 
2100  grams. 
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Case  V. — William  A.,  aged  twenty-five  years,  a  coal  miner,  had  an  attack 
of  rheumatism  six  months  before,  and  after  this  never  completely  recovered 
his  health.  He  had  rheumatic  pains  in  the  joints  and  uncomfortable  feel- 
ings about  his  heart.  Occasionally  there  were  severe  palpitations.  There 
was  never  edema  of  the  feet  or  hands.  The  fingers  were  club-shaped  at  the 
ends. 

Physical  Examination,  At  the  first  examination  aortic  regurgitation,  with 
mitral  stenosis  and  regurgitation,  was  found.  The  lungs  were  reported  nor- 
mal.   There  was  no  edema. 

A  month  later  the  note  reads :  ''  Crackling  and  some  dulness  at  right  base 
posteriorly,  probably  indicative  of  edema.'*'  Two  months  later:  ** There  is 
evidence  of  increasing  edema  at  the  base  of  the  right  lung,  as  indicated  by 
greater  dyspnea,  dulness,  crackling,  and  frothy  expectoration." 

Later  there  was  noted  impairment  of  resonance  below  the  scapula,  a  little 
more  marked  on  the  right  side,  A  month  later  there  was  decided  evidence 
of  edema  at  both  bases,  then  "  dulness  at  bases,  with  absence  of  breath- 
sounds."    Soon  after  this  the  patient  succumbed. 

Case  VI. — Sarah  R.,  aged  twenty-two  years,  had  begun  to  suffer  with 
swelling  of  the  feet  two  years  before  admission  and  a  little  while  after  the 
birth  of  her  last  child.  Later  she  had  shortness  of  breath,  palpitation,  and 
loss  of  strength.  The  urine  grew  more  scanty,  and  the  symptoms  exagger- 
ated about  a  year  before  she  came  under  observation. 

At  that  time  the  abdomen  was  swollen  and  she  was  tapped  three  times. 
There  was  never  any  edema  of  the  hands  or  face.  When  admitted  she  was 
cyanotic  and  subicteroid.  The  legs  were  edematous  to  above  the  knees. 
The  abdomen  was  greatly  increased  in  size.  There  were  distinct  evidences 
of  advanced  mitral  valve  disease  (stenosis  and  regurgitation).  The  right 
heart  was  greatly  enlarged.  Tne  abdomen  contained  fluid.  There  was  dul- 
ness at  the  right  base  posteriorly  and  below  the  mid-scapula,  with  bronchial 
breathing  and  increased  fremitus  and  resonance  in  the  upper  half  of  the  dull 
area,  while  below  the  breath-sounds  were  weak  and  fremitus  was  absent. 
The  vocal  resonance  in  this  situation  was  egophonic.  The  abdomen  was 
tapped  and  ten  quarts  of  clear  fluid  were  removed.  The  liver  was  then 
easily  felt  and  was  evidently  diseased.  The  patient  improved  steadily. 
Later  a  note  reads:  '^ There  is  dulness  at  both  bases  posteriorly,  reaching  to 
the  lower  third  of  the  scapula  on  the  right  side  and  one  and  one-half  inches 
lower  on  the  left." 

Case  VII. — Henry  B.,  aged  forty-seven  years,  after  exposure  a  year  before 
admission,  8ufl*ered  with  cough,  dyspnea,  and  some  swelling  of  the  feet. 
Several  similar  attacks  occurred  during  the  intervening  year,  and  he  was 
admitted  to  the  hospital  with  about  the  same  condition.  The  dyspnea  was 
quite  marked,  and  there  was  decided  edema  of  the  extremities  and  body. 
On  percussion  over  the  chest  there  was  found  some  increased  dulness  pon- 
teriorly  on  the  left  side,  which  shifted  on  motion,  and  a  similar  shifting  dul- 
ness on  the  right  side  in  the  axillary  line.     (The  extent  of  the  dulness  is  not 
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stated.)  There  was  a  systolic  followed  by  a  diastolic  murmur  at  the  apex, 
and  a  loud  double  murmur  at  the  aortic  region. 

It  seems  from  the  statements  that  on  the  left  side  there  was  shifting  dul- 
ness  behind,  and  on  the  right  side  there  was  similar  shifting  dulness  in  the 
axillary  line,  that  there  was  more  fluid  on  the  right  than  on  the  left,  but  it 
is  not  explicitly  stated  here  or  elsewhere  in  the  notes  of  the  case. 

Case  VIII. — Sarah  C,  aged  sixty-four  years,  was  admitted,  having 
dyspnea  and  some  swelling  of  the  feet.  The  history  indicated  that  the 
trouble  had  followed  an  attack  of  rheumatism  two  years  before.  There  were 
some  cyanosis  and  icterus,  and  moderate  external  edema. 

An  examination  showed  a  well-developed  cardiac  disease,  with  extension 
of  the  dulness  three-quarters  of  an  inch  beyond  the  mid-clavicular  line  and 
one  inch  and  a  quarter  to  the  right  of  the  sternum.  There  was  a  well- 
marked  mitral  regurgitation.  The  pulmonary  percussion  signs  were  good, 
being  rather  hyperresonant  except  at  the  bases,  where  there  was  slight  dul- 
ness. The  breath-sounds  were  unaltered,  except  at  the  base  of  the  right 
lung,  where  the  breathing  was  weak  and  accompanied  by  crackling  r&les. 
Subsequently  it  was  noted  that  **  there  is  little  dulness  over  the  right  base, 
while  fremitus  and  breath-sounds  are  weak."  Later,  "there  are  still  signs 
of  effusion  of  liquid  at  both  bases,  reaching  higher — to  the  lower  third  of 
the  scapula — on  the  right  side.''  Subsequently  the  note  reads :  " The  right 
pleura  now  seems  free  of  fluid." 

Case  IX. — L.  C,  aged  sixty-nine  years,  a  lumberman,  had  suffered  with 
rheumatism  during  the  last  six  years,  and  had  lived  a  life  of  much  exposure. 
He  became  troubled  with  shortness  of  breath  and  precordial  pain.  He  had 
been  losing  flesh  and  strength,  and  his  legs  had  been  edematous  several 
times.  When  admitted  he  was  extremely  dyspneic  and  slightly  cyanosed. 
The  peripheral  arteries  were  atheromatous.  Examination  revealed  dulness 
below  the  fourth  interspace  on  the  right  side,  and  from  this  point  downward 
to  an  inch  and  a  half  below  the  costal  margin.  Posteriorly  dulness  began  at 
the  angle  of  the  scapula,  and  the  breath-sounds  as  well  as  the  vocal  fremitus 
were  greatly  weakened  in  the  same  situation.  The  heart  was  greatly  en- 
larged, both  to  the  right  and  to  the  left.  The  auscultatory  sounds  were  those 
of  mitral  regurgitation.  There  was  a  suspicious  wave  of  fluctuation  in  the 
abdomen,  but  no  edema  of  legs.  He  improved  somewhat,  but  the  dulness 
at  the  right  base  persisted,  and  after  some  days  bronchial  breathing  and 
increased  fremitus  were  found  at  the  right  base.  Later,  dulness  along  the 
sternal  border  of  right  scapula  was  noted.  This  afterward  disappeared,  and 
the  percusnion  note  became  the  same  on  the  two  sides.  In  a  subsequent  note 
reference  is  made  to  flatness  posteriorly  and  laterally  on  both  sides.  The 
upper  and  interior  borders  of  the  flatness  moved  with  change  of  position. 
The  degree  of  effusion  on  either  side  is  not  mentioned. 

Case  X. — Joshua  E.,  aged  fifty-six  years,  a  laborer,  had  rheumatism 
twenty-five  years  before  and  an  occasional  slight  attack  since.  He  had  used 
alcohol  very  freely.     His  cardiac  history  began  in  an  attack  of  rheumatism 
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six  years  before  admission.  When  admitted  he  had  dyspnea,  swelling  of  the 
ankles,  some  abdominal  swelling,  which  had  begun  three  weeks  before. 
The  apex-beat  was  very  extensive,  stretching  from  the  sixth  rib  up  to  the 
fourth  interspace.  The  cardiac  dulness  extended  beyond  the  mammary  line 
on  the  left  side,  but  only  to  the  mid-sternum  on  the  right.  A  soft  systolic 
murmur  was  heard  at  the  apex  and  transmitted  as  far  as  the  axillary  line. 
A  loud  blowing,  systolic  murmur  was  heard  at  the  aortic  cartilage.  The 
second  sound  was  clear  and  ringing.  The  hepatic  dulness  is  reported  as 
beginning  at  the  fourth  interspace  and  extending  to  the  border  of  the  ribs. 

No  definite  statement  of  effusion  in  either  chest  is  made,  but  the  intima- 
tion in  the  reference  to  the  hepatic  dulness  of  an  effusion  seems  to  be  suffi- 
ciently marked  to  merit  notice. 

Case  XI. — O.  D.,  aged  forty  years,  a  miner,  had  been  well  up  to  two  years 
before,  when  he  began  to  run  down  in  weight  and  in  strength.  He  had  used 
alcohol  freely.  He  became  dyspneic,  and  suffered  with  an  increase  of  a 
chronic  cough.  The  dyspnea  seemed  rather  paroxysmal.  There  was  never 
any  swelling  of  his  feet.  When  admitted  there  was  found  enlargement  of 
the  superficial  veins  and  of  the  superficial  lymphatic  glands.  There  was 
impairment  of  the  pulmonary  resonance  in  various  situations.  The  pulmo- 
nary sounds  suggested  more  or  less  consolidation  of  the  lung.  His  heart 
was  seemingly  decreased  in  size,  and  no  definite  disease  could  be  determined. 
The  sound  at  the  apex  was  on  one  occasion  most  peculiar,  having  a  gurgling 
and  churning  character  of  such  peculiar  confusion  that  a  pyopneumoperi- 
cardium  was  suspected.  The  first  sound  itself  was  so  loud  and  metallic  that 
the  cliquement  metallique  was  suggested.  These  sounds  were  heard  a  little 
below  the  usual  apex  region,  and  extended  toward  the  right  as  far  as  the 
sternum.  At  the  base  of  the  heart  and  in  the  pulmonary  region  the  second 
sound  was  harsh  and  quite  murmurish.  At  the  aortic  region  the  sounds 
were  weak.  The  subsequent  history  of  tbe  case  gives  no  evidence  of  impor- 
tance in  connection  with  the  subject  in  hand. 

At  the  autopsy  the  left  pleura  was  adherent  over  the  upper  two-thirds,  the 
right  over  the  upper  third.  Below,  on  the  right  side,  there  was  a  moderate 
effusion.  Adhesions  between  the  pleura  and  pericardium  on  both  sides  were 
more  marked  on  the  left.  Within  the  pericardium  no  evidence  of  recent 
inflammation,  but  some  milk  spots  on  the  left  ventricle  and  right  auricle. 
The  heart  was  greatly  enlarged,  principally  on  the  right' side.  The  muscle 
was  flabby  and  pale.  There  was  no  endocarditis,  old  or  recent,  but  the  walls 
were  spmewhat  thickened.  The  left  cavities  of  the  mitral  orifice  were  a  little 
dilated.  The  right  cavities  of  the  tricuspid  orifice  were  dilated  to  an  extreme 
degree.  The  lungs  were  absolutely  solid,  with  evenly  distributed  coal-dust 
deposit.  The  liver  was  congested  and  fatty,  but  not  much  enlarged.  The 
spleen  was  congested  and  indurated. 

Case  XII. — John  T.,  aged  forty- four  years,  a  machinist,  had  always  been 
a  strong,  robust  man  of  good  habits.  A  year  and  a  half  before  he  had  been 
confined  to  bed  with  influenza,  and  at  the  same  time  suffered  with  a  sensii- 
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tion  of  weight  on  his  chest  and  difficulty  in  breathing.  The  sensation  came 
on  in  paroxysms  lasting  a  couple  of  hours,  and  they  had  grown  more  fre- 
quent and  more  severe  until  he  suffered  practically  constant  dyspnea.  Occa- 
sionally he  had  been  confined  to  bed  for  weeks  at  a  time.  There  was  no  sign 
of  edema.  The  heart  was  slightly  enlarged,  and  there  seemed  to  be  a  pre- 
systolic mitral  murmur,  with  an  aortic  regurgitant  murmur.  The  notes  state 
vaguely  that "  there  was  an  area  of  dulness  over  the  base  of  the  heart,  in  which 
there  is  neither  thrill,  pulsation,  nor  murmur.*'  The  left  pulse  seemed  re- 
tarded and  of  less  force  than  the  right.  The  pupils  were  equal,  but  there  was 
slight  suprasternal  pulsation.  The  treatment  recommended  was  potassium 
iodide  and  tincture  of  lobelia  in  brown  mixture.  A  subsequent  note  reads  : 
''Over  the  left  base  below  the  sixth  rib  is  an  area  of  movable  dulness,  over 
which  the  tactile  fremitus  is  almost  lost  and  the  breath-sounds  and  vocal 
resonances  are  nearly  absent.  There  is  no  murmur  to-day."  There  seemed 
to  have  been  a  suspicion  at  that  time  that  this  case  was  one  of  aneurism,  but 
the  notes  that  have  been  preserved  are  meagre,  as  the  chart  to  which  refer- 
ence is  made  and  which  contains  the  details  has  been  lost. 

Casb  XIII. — G.  V.  C,  a  woman  of  twenty  years,  whose  family  history  was 
good,  stated  that  she  had  been  healthy  until  about  twelve  years  of  age,  but 
at  that  time  grew  very  rapidly  and  was  not  strong.  She  was  very  tall  and 
thin,  and  continued  weak  until  about  nineteen.  At  twenty -one  she  had 
bronchopneumonia,  lasting  nearly  all  the  winter.  Two  years  later  she  had 
double  pneumonia  for  three  weeks,  but  made  a  good  recovery.  Two  and  a 
half  years  before  she  came  under  observation,  after  the  birth  of  her  second 
child,  she  suffered  with  palpitations  of  the  heart  and  severe  pains,  which 
made  breathing  difficult.  At  the  end  of  two  months  she  recovered  sufficient 
health  to  leave  her  bed,  but  her  feet  swelled  and  general  dropsy  resulted. 
There  was  severe  dyspnea,  and  fluid  was  discovered  in  the  right  pleural 
cavity,  which  required  aspiration  four  times,  and  in  the  abdominal  cavity 
requiring  aspiration  once.  No  aspiration  was  necessary  after  that  time. 
When  she  came  under  observation  there  was  no  sign  of  renal  disease,  but 
well-marked  evidences  of  mitral  stenosis  and  some  ascites.  The  latter  sub- 
sided under  medical  treatment. 

Case  XIV. — M.  0,  a  man,  aged  forty-five  years,  had  had  no  severe  illnesses, 
but  had  used  alcohol  to  excess.  He  had  been  troubled  with  frequency  of 
urination.  Two  weeks  before  admission  he  developed  a  cough  and  dyspnea. 
There  was  no  expectoration.  The  symptoms  grew  in  severity,  and  after  a 
few  days  were  followed  by  swelling  of  the  face,  then  of  the  feet  and  legs. 
The  temperature  on  admission  was  99.2°,  the  pulse  84,  the  respirations  28 ; 
there  was  marked  edema  of  the  legs  and  feet  and  slight  cyanosis.  The  ex- 
pansion of  the  lungs  was  restricted,  especially  upon  the  left  side.  There  was 
impairment  in  resonance  at  the  right  base  below  the  angle  of  the  scapula, 
and  below  the  middle  of  the  scapula  on  the  left  side.  Fremitus  and  breath- 
sounds  were  almost  lost  over  these  affected  areas.  The  cardiac  apex  was 
scarcely  palpable;  the  dulness  extended  from  the  second  rib  on  the  left  to 
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the  sixth  rib  below,  and  from  one  and  one-half  inches  to  the  right  of  the 
sternam  and  to  the  left  as  far  as  the  mid-clavicular  line.  There  was  a  slight 
systolic  apical  murmur,  not  distinctly  transmitted,  and  a  decided  accentua- 
tion of  the  pulmonary  sound.  The  pulse  was  of  good  volume,  but  soft; 
there  were  slight  movable  dulness  and  fluctuation  in  the  abdomen.  The 
patient  improved  for  a  time,  but  subsequently  grew  worse,  and  died  in  the 
hospital. 

The  necropsy  showed :  edema  of  the  lungs,  obliterative  pleurisy  of  the 
right  pleural  cavity,  pleural  effusion  in  the  left  side,  slight  ascites,  and 
chronic  parenchymatous  nephritis  (glomerulitis).  There  was  a  recent  rup- 
ture of  the  internal  coats  of  the  aorta  about  two  inches  above  the  bifurcation, 
which  was  explained  by  the  severe  paroxysms  of  coughing  to  which  he  had 
been  subject.  The  heart  was  hypertrophied ;  the  aortic  valves  had  but  two 
segments. 

Case  XV. — P.  K.,  aged  forty  years,  a  miner,  was  admitted  August  25, 1899. 
No  history  was  obtainable,  as  the  patient  did  not  speak  English.  There  was 
edema  of  the  face,  a  subicteroid  hue  of  the  conjunctiva,  and  tympanitic  dis- 
tention of  the  abdomen ;  the  legs  and  feet  were  also  edematous.  The  super- 
ficial arteries  pulsated,  and  the  pulse  was  of  the  Oorrigan  type.  The  physical 
examination  showed  great  hypertrophy,  the  apex  being  in  the  fifth  and  sixth 
interspaces,  an  inch  outside  the  midclavicular  line.  The  right  border  ex- 
tended considerably  beyond  the  right  border  of  the  sternum.  There  was  a 
double  murmur  at  the  aortic  area,  with  the  usual  transmission  of  the  stenotic 
and  regurgitant  aortic  murmurs.  At  the  mitral  area  was  heard  a  systolic 
murmur  and  a  presystolic  rumbling  sound,  which  was  regarded  as  a  Flint 
murmur.  Examination  of  the  lungs  showed  some  flatness  at  both  bases,  but 
the  breath-sounds  were  heard  at  the  right  base  and  inaudible  at  the  left,  and 
the  flatness  at  the  left  base  was  movable  and  extended  higher,  reaching  the 
fourth  rib  in  the  sitting  posture. 

The  amount  of  the  edema  changed  from  time  to  time  and  the  patient's 
condition  fluctuated.     He  died  suddenly,  October  2, 1899. 

The  autopsy  showed  the  following  conditions :  Old  adhesions  binding  the 
right  lung  to  the  chest  wall ;  considerable  left-sided  hydrothorax,  with  com- 
pression of  the  lower  lobe  of  the  left  lung,  pericardial  effusion.  The  heart 
was  enlarged,  the  walls  considerably  hypertrophied  and  further  thickened  by 
deposition  of  fat.  The  mitral  valve  seemed  normal  in  appearance,  save  for  a 
slight  thickening  at  the  edges ;  the  aortic  valve  was  considerably  diseased, 
the  segments  being  thickened  and  retracted.  There  were  atheromatous 
nodules  in  the  intima  of  the  aorta.  The  tricuspid  orifice  was  considerably 
dilated  and  was  regarded  as  decidedly  insufficient. 

Case  XVI. — Samuel  T.,  aged  seventy-one  years,  a  gardener,  had  been  a 
man  of  good  habits.  He  was  admitted  November  13,  1899,  staling  that  he 
had  suffered  with  left-sided  pneumonia  during  the  previous  February.  He 
was  confined  to  bed  four  weeks  and  had  much  dyspnea  and  swelling  of  the 
feet  and  legs.     He  recovered  from  this  condition  and  was  able  to  work  dur- 
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ing  the  summer,  but  took  a  *'cold/'  and  again  became  very  short  of  breath 
and  grew  dropsical.  He  also  suffered  with  pain  and  fulness  in  the  epigas- 
trium and  had  a  slight  cough,  and  during  three  weeks  before  his  admission 
he  was  confined  to  bed.  He  was  an  emaciated  old  man,  with  atheromatous 
fades,  slight  cyanosis,  and  marked  general  edema.  His  pulse  was  small  and 
compressible ;  the  apex-beat  was  weak  and  diffuse.  The  heart  was  increased 
in  size,  extending  3  cm.  beyond  the  left  mammary  line  and  a  little  beyond 
the  right  border  of  the  sternum.  There  was  a  soft  systolic  murmur  at  the 
apex  and  an  accentuated,  reduplicated  second  pulmonary  sound.  The  apical 
murmur  was  transmitted  into  the  axilla ;  there  was  flatness  at  the  right  base 
below  the  fifth  rib  in  the  recumbent  posture,  and  the  fourth  rib  when  sitting 
upright.  Posteriorly,  flatness  began  at  the  angle  of  the  scapula.  Later,  the 
effusion  on  the  right  side  was  more  marked,  and  slight  effusion  in  the  left 
chest  was  noted.  The  patient  improved  steadily  and  was  finally  discharged 
well. 

Case  XVII. — A.  L.,  a  negress,  aged  fifteen  years,  was  admitted  September 
13,  1889.  She  had  had  typhoid  fever  in  1898,  and  had  remained  more  or  less 
ill  since  that  time.  Her  chief  complaints  were  of  pains  about  the  heart  and 
shortness  of  breath,  and  finally  the  feet  and  abdomen  began  to  swell.  There 
was  no  history  of  rheumatism  or  scarlet  fever. 

On  admission  there  were  decided  dyspnea,  distention  of  the  veins  of  the 
neck,  and  positive  venous  pulsation.  The  abdomen  was  greatly  distended 
and  the  hepatic  region  swollen.  The  apex-beat  was  displaced  to  the  left, 
being  palpable  in  the  anterior  axillary  line  in  the  sixth  interspace.  There 
was  decided  movable  dulness  in  the  right  and  left  chest,  the  upper  level 
being  at  the  angle  of  the  scapula  on  the  right  side  and  an  inch  lower  on  the 
left.  The  heart  dulness  extended  from  the  third  rib  above  and  from  a  line 
an  inch  and  a  half  beyond  the  right  border  of  the  sternum,  on  the  right 
to  the  anterior  axillary  line  on  the  left.  There  was  a  loud  systolic  mitral 
murmur  and  an  accentuated  pulmonary  sound.  The  lower  edge  of  the  liver 
was  felt  as  low  as  the  level  of  the  umbilicus.  There  was  effusion  in  the  chest 
with  fluctuation.     Under  treatment  the  conditions  rapidly  improved. 
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DISCUSSION. 

Dr.  Osler:  The  history  of  these  cases  points  to  a  local  cause.  It  seems 
to  me  there  are  always  three  interesting  points  about  them :  First,  the  extra- 
ordinary chronicity,  as  they  continue  recurring,  not  for  a  few  months  usually, 
but  for  a  few  years;  second,  that  the  onset  of  the  hydrothorax  is  usually  very 
sudden  ;  third,  the  almost  invariable  fact  that  these  cases  are  mitral  and  the 
right  side  is  chiefly  involved,  I  have  one  patient  now  who  has  been  under 
observation  for  over  a  year  and  one-half,  and  recall  another  who  had  recur- 
rence for  over  two  years. 

Dr.  Wilson:  There  is  another  point  that  must  be  taken  into  considera- 
tion for  a  proper  connection  of  all  the  factors  in  the  causation  of  the  dis- 
parity in  the  amount  of  fluid  in  hydrothorax  of  the  two  sides.  In  renal 
cases  the  hydrothorax  is,  in  my  experience,  almost  invariably  a  bilateral 
one.  The  exceptions  are  those  in  which  an  accumulation  has  been  prevented 
on  one  side  by  the  presence  of  old  adhesions.  Even  in  renal  cases,  however, 
the  volume  of  hydrothorax  is  usually  less  on  the  left  side  than  on  the  right. 
In  cardiac  cases  the  disparity  is  always  in  favor  of  a  larger  accumulation  on 
the  right  side.  The  fact  that  Huch  cases  are  usually  instances  of  valvular 
disease  or  arterial  sclerosis  in  which  there  is  hypertrophy — in  other  words, 
cases  in  which  the  heart  is  larger  than  normal — is  to  be  considered.  If  we 
regard  the  pleural  cavities  as  closed  spaces,  the  right  being  occupied  by  com- 
pressible lung  tissue,  the  left  largely  by  such  tissue,  but  also  to  a  large  extent 
by  an  enlarged  incompressible  heart,  we  think  of  mechanical  conditions,  the 
enlarged  heart  on  the  left  side  offering  obstacles  to  the  transudation  of  fluid 
that  the  right  side  does  not  present. 

Dr.  Janeway  :  I  would  like  to  speak  of  one  case  in  which  there  was  no 
proof  of  valvular  trouble.  It  was  a  case  seen  years  ago  which  was  aspirated 
a  number  of  times,  where  the  character  of  the  fluid  drawn  off  gave  it  as  a 
transudate,  and  yet  caused  much  doubt  in  the  minds  of  the  experts  who  saw 
it  as  to  the  nature  of  the  trouble.  One  thought  it  was  a  case  of  phthisis  and 
advised  the  patient's  going  West.  The  second  consultant,  and  a  noted  expert^ 
said  there  was  no  heart  trouble. 

The  first  sound  was  valvular,  but  all  I  could  say  was  that  there  was  a  weak 
heart  and  a  right-sided  hydrothorax.  This  condition  continued  for  three  or 
four  months,  and  then  finally  (he  had  never  had  any  evidence  of  renal  dis- 
ease) he  became  a  little  worse;  there  was  dropsy  of  the  limbs,  with  some 
albumin  and  casts  in  the  water,  and  symptoms  of  nervous  trouble.  A  neu- 
rologist was  consulted,  and  said  that  the  case  was  one  of  Bright's  disease 
and  had  been  from  the  beginning.  The  patient  died  eventually,  and  autopsy 
showed  that  it  had  been  one  of  fibroid  myocarditis,  and  there  was  a  thrombus 
in  the  apex  of  the  left  ventricle. 
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Dr.  Hare  :  If  I  may  amplify  Dr.  Wilson's  view,  it  seems  to  me  we  ought 
to  take  into  consideration  the  movements  of  the  heart.  It  is  perfectly  possible 
that  the  diastole  and  systole  may  urge  on  the  fluids  on  that  side  without 
influencing  the  other  side. 

I  had  recently  a  patient  who  developed  this  condition,  and  I  was  much 
impressed  with  the  manner  of  onset.  The  patient,  without  any  change  in  the 
cardiac  symptoms,  rapidly  developed  increasing  dyspnea,  and  it  was  only 
after  the  most  careful  examination  that  commencing  right-sided  hydrothorax 
was  discovered,  tapped,  and  relieved.  At  the  autopsy  there  was  found  mitral 
stenosis,  and  an  aortic  stenosis  as  well,  which  had  not  been  discovered  dur- 
ing life. 

Dr.  Jacobi  :  In  connection  with  this  subject,  and  particularly  with  the 
case  reported  by  Dr.  Janeway,  I  would  simply  say  that  we  all  agree  now  that 
the  subject  of  myocarditis  has  been  too  frequently  neglected  by  practising 
physicians.  A  great  many  of  the  cases  that  come  to  us  apparently  with 
symptoms  of  valvular  disease  are  really  those  of  myocarditis.  It  is  rather 
apt  to  have  an  edema  in  the  early  stage,  in  fact,  as  one  of  the  first  symptoms, 
while  a  valvular  disease  would  not  show  any  dropsy  at  all  at  an  early  period. 
This  myocarditis  need  not  be  general,  but  often  is  only  local,  and  it  is  quite 
possible  that  it  may  be  overlooked,  even  after  microscopic  examination,  be- 
cause the  specimen  may  happen  to  have  been  taken  from  the  healthy  part  of 
the  heart  and  not  from  the  diseased  portion. 

Dr.  Stengel  :  I  would  like  to  refer  to  one  of  my  cases  (Case  I.)  that  bears 
out  exactly  the  point  which  has  been  raised  by  Dr.  Janeway. 
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Clinically,  these  two  expressions  of  cardiac  degeneration  are 
frequently  most  diflScult  to  differentiate  accurately.  We  have  our 
suspicions  based  upon  a  fair  interpretation  of  the  case  as  a  whole, 
and  sometimes  the  results  of  the  autopsy  justify  our  probable  diag- 
nosis. Many  times  we  believe  we  shall  find  not  merely  fibroid 
changes,  or,  indeed,  simple  fatty  degeneration,  but  there  will  be 
a  combination  of  both  changes.  In  the  advanced  forms  of  fatty 
change  particularly,  and  whenever  we  have  in  the  history  of  the 
patient  efficient  causation  of  such  alteration,  our  belief  in  its  exist- 
ence is  very  positive.  There  are,  however,  numerous  instances  in 
which  our  diagnosis  during  life  is  at  best  very  problematical,  and 
yet  it  seems  to  me  any  other  diagnosis  of  what  we  observe  falls  short 
of  seeming  truth  and  is  at  best  somewliat  unsatisfactory  to  the  prac- 
titioner. While  we  know,  from  example,  in  the  graver  forms  of 
anemia,  and  notably  in  the  so-called  pernicious  form,  fatty  degen- 
eration of  the  heart  muscle  is  no  common  finding,  I  do  not  believe 
that  physicians  are  apt  to  consider  that  the  heart  may  be  structurally 
affected  in  the  simpler  forms. 

It  is  true  that  many  symptoms  point  to  cjirdiac  weakness.  Notably 
we  would  put  emphasis  on  lowness  of  the  heart-sounds  at  times,  on 
extreme  rapidity  of  its  beats,  with  sensations  of  fluttering  and  car- 
diac distress.  Sometimes  there  is  a  systolic  murmur  which  covers 
in  part  or  wholly  the  normal  sound.  Frequently  tliis  is  absent. 
Attacks  of  dizziness  or  faintness  may  come  on  readily  and  repeat 
themselves  with  little  or  no  sufficient  ciiuso.  I  hav^e  seen  such  an 
attack  where  the  patient  was  unconscious  for  a  period  of  half  an 
hour  or  more.     Durins;  this  period  tlio  pulse  was  very  faint,  some- 
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times  almost  imperceptible  at  the  wrist.  There  was  occasionally  a 
lapse  of  pulsations  at  the  wrist  for  one  or  two  cardiac  beats,  accom- 
panied with  marked  irregularity.  The  extremities  were  cold,  the 
respiration  shallow  and  suspirious.  After  such  attacks,  and  when 
the  patient's  strength  had  partially  returned,  there  was  no  enlarge- 
ment of  the  heart  which  could  be  discovered,  no  abnormal  pulsa- 
tions either  on  the  chCvSt  or  in  the  neck,  and  no  venous  hum  in  the 
jugulars. 

I  am  of  the  opinion  to-day  that  such  cases  often  mean  beginning 
cardiac  degeneration  of  the  fatty  type,  and  that  any  other  interpre- 
tation inadequately  expresses  the  best  medical  judgment.  Of  course, 
they  require  iron  and  arsenic  to  re-establish  the  blood  condition. 
They  are  also  temporarily  benefited  at  times  by  the  use  of  intestinal 
antiseptics ;  still,  in  order  to  bridge  over  the  acute  attacks  we  must 
give  cardiac  stimulants  freely  and  repeatedly  and  aid  with  the  heart 
tonics  of  strophanthus  and  strychnin  judiciously  administered.  Oxy- 
gen also  given  systematically  is  of  great  help  and  must  be  insisted 
upon. 

We  all  feel  we  know  the  usual  gouty  heart  fairly  well,  viz.,  the 
heart  affected  with  moderate  hypertrophy  of  the  left  ventricle  and 
adjoined  to  evidences  of  more  or  less  fibroid  changes  in  the  kidney 
and  general  arteriocapillary  circulation.  Whenever  this  hypertrophy 
is  no  longer  thoroughly  compensatory  and  evidences  of  heart  weak- 
ness develop,  as  shown  by  local  and  general  signs  and  symptoms, 
we  are  frequently  brought  to  the  position  of  asking  ourselves 
whether  cardiac  degeneration  is  present,  and  if  so,  its  extent, 
variety,  and  nature. 

Our  diagnosis  must  be  determined  by  several  considerations  inde- 
pendently, perhaps,  of  the  underlying  and  evident  gouty  changes. 
It  may  be  that  the  patient  has  been  a  free  liver,  is  of  corpulent 
frame,  and  has  indulged  more  or  less,  and  for  a  considerable  time, 
in  the  use  of  alcoholic  stimulants. 

These  conditions  would  tend  to  make  us  reasonably  sure  of  the 
presence  of  some  fatty  degeneration  of  muscular  fibre.  The  condi- 
tion also  of  the  liver,  notably  where  it  is  torpid  and  enlarged  and 
there  is  possibly  some  additional  abdominal  enlargement,  with  ten- 
sion of  the  parietes,  would  make  us  suspect  cirrhotic  and  fatty 
changes  in  this  organ.    The  presence  of  ascites  may  remain  doubtful 
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for  weeks  and  months,  and  never,  indeed,  be  accurately  determined. 
Again,  in  a  relatively  short  i)eriod  succussion  and  palpation  may 
unquestionably  reveal  abdominal  effusion  in  small  or  moderate 
quantity.  In  these  instances  the  pulse  may  never  have  increased 
tension,  or  only  to  such  slight  degree  that  our  tactile  sensations,  or 
even  the  use  of  the  sphygmograph,  may  not  corroborate  our  suspi- 
cions, but  simply  leave  us  in  reasonable  doubt.  Here,  again,  it  is 
the  skilful  touch,  the  keen  appreciation  of  local  changes  which  pro- 
ceeds from  long,  careful  experience,  or  the  expert  and,  may  be, 
repeated  use  of  the  sphygmograph,  which  shall  solve  our  difficulty. 
In  any  event,  but  particularly  where  our  findings  are  positive,  we 
believe  tliat  we  shall  detect  an  excess  of  fibroid  tissue  in  the  heart 
in  certain  spots  between  atrophied,  compressed,  or  degenerated  fibers. 

The  cerebral  symptoms,  which  may  be  passing  or  more  or  less 
permanent,  while  pointing  to  cardiac  degeneration,  do  not  tell  us 
positively  whether  the  fibroid  changes  or  fatty  ones  are  predominant. 
If  the  mental  activity  of  the  patient  has  failed  slowly  and  evidently 
for  many  months,  if  the  memory  be  impaired,  somnolence  increasing, 
and  even  slight  mental  exertion  be  accompanied  by  great  fatigue, 
slowness  and  difficulty  of  speech,  and  obvious  lethargy,  we  are  in- 
clined to  the  opinion  of  marked  fatty  degeneration,  always  supposing 
the  other  signs  and  symptoms  mentioned  are  present.  If  now  the 
arterial  tension  remains  high  the  coats  are  visibly  thickened,  knotty, 
tortuous,  giving  proof  of  decided  atheromatous  changes,  we  are  prone 
to  believe  that  the  intracardiac  condition  will  be  more  likely  that  of 
chronic  myocarditis,  with  marked  fibroid  changes.  Any  calcification 
of  the  arteries,  as  of  the  radial  or  temporal,  will  only  accentuate  and 
confirm  this  judgement. 

This  condition  we  should  not  find  except  in  very  rare  instances, 
unless  the  patient  were  one  already  of  advanced  years  or  the  gouty 
dyscrasia  were  intense  and  of  hereditary  origin  increased  by  bad 
habits  of  life,  speaking  mainly  from  the  hygienic  stand-point. 

In  some  instances  we  are  led  to  believe  that  on  autopsy  we  should 
find  the  coronary  arteries  notably  affected.  These  examples  are  espe- 
cially those  in  which  precordial  pain  and  anxiety  had  been  evident 
at  times  and  with  moderate  or  great  intensity. 

I  have  seen  a  patient,  not  long  ago,  a  professional  man,  about 
fifty-five  years  old,  who  gave  the  following  history  :   He  had  been  a 
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careful  liver  so  far  as  food  and  alcohol  were  concerned,  but  had  for 
many  years  smoked  immoderately  and  kept  late  and  irregular  hours. 
He  had  done  much  hard  work  in  active  professional  life  and  in  a 
literary  way.  He  had  been  for  many  years  a  chronic  dyspeptic, 
showing  itself  by  slowness  and  impairment  of  digestion,  belching  of 
wind,  and  capricious  appetite.  He  had  never  suffered  from  symp- 
toms of  heart  weakness  or  distress.  Calling  to  see  him,  I  found 
him  pacing  the  floor,  with  marked  dyspnea,  precordial  distress,  and 
great  mental  anxiety,  and  the  feeling  of  impending  disaster.  The 
hands  were  cold  and  the  face  blanched  ;  the  pulse  was  regular  and 
tolerably  full ;  the  radial  arteries  were  thickened  and  there  was 
apparently  increased  tension ;  the  heart  was  enlarged,  showing 
hypertrophous  dilatation,  moderate  in  amount.  This  attack  had 
lasted  twelve  hours  without  relief  spontaneously,  and  was  increas- 
ing in  intensity,  as  shown  by  the  augmented  distress.  The  swal- 
lowing of  numerous  soda-mint  tablets,  which  frequently  gave  relief 
to  simple  dyspeptic  conditions,  was  of  no  avail. 

I  prescribed  immediately  a  heart  tablet  of  strophanthus,  digitalis, 
atropin,  and  nitroglycerin,  and  in  a  few  hours  there  was  great  relief. 
The  urine  during  the  attack  was  high-colored  and  concentrated,  but 
contained  neither  albumin  nor  sugar.  In  a  few  days  he  was  about 
as  usual.  I  advised  repose  from  work  and  careful  dietary,  with 
the  use  of  cardiac  stimulation  if  required.  In  a  short  while  he  was 
better  than  he  had  been  in  many  months  and  had  had  no  recurrence 
of  his  anginose  symptoms. 

No  doubt,  to  my  mind,  this  patient  has  intracardiac  changes, 
probably  of  the  fibroid  type.  It  is  probable  also  that  his  coronary 
circulation  is  defective  and  that  endarteritis  is  present.  Did  he 
have  some  temporary  and  incomplete  obstruction  of  one  or  other 
of  these  arterial  branches  at  the  time  of  his  attack  ?  This  I  believe, 
although  I  cannot  affirm  it.  I  only  know  that  no  other  diagnosis  is 
sufficient  to  explain  his  symptoms  satisfactorily.  Probably  the  causes 
enumerated  were  all  more  or  less  contributory  to  the  development 
of  the  attack.  Judging  by  the  sequence  of  events,  I  believe  that 
nervous  tone  to  the  heart  was  partially  restored  by  relative  rest  from 
work  and  that  the  stomachal  condition  was  improved  by  appropriate 
dietary.  The  use  of  the  cardiac  tablets  during  the  attack  certainly 
gave  marked  relief  and  iK)ssibly  prevented  a  fatal  termination  due 
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to  complete  clogging  of  one  or  both  main  arterial  coronary 
branches 

I  have  known  of  the  case  of  another  professional  man,  about  fifty 
years  of  age,  whose  habits  were  not  different  from  those  of  many 
tolerably  successful  ones  at  this  period,  residing  in  a  large  city. 
He  worked  moderately,  but  not  unduly ;  he  ate  and  drank  with 
proper  selection  and  due  regard  for  his  habits  and  peculiarities ;  he 
gave  himself  a  fair  amount  of  recreation,  took  long  summer  vaca- 
tions, and  was  fond  of  the  water  and  yachting.  At  times  he  had 
very  slight  attacks  of  dyspnea  and  precordial  anxiety,  which  never 
meant  absolute  pain  or  great  distress ;  indeed,  these  mild  attacks 
occurred  at  infretjuent  intervals  and  disappeared  spontaneously,  and 
in  a  few  minutes  or  hours  at  most.  One  afternoon,  hastening  home 
from  his  boat  on  the  river  to  dine  and  meet  his  wife,  who  was 
anxiously  awaiting  him,  as  he  was  late,  he  had  an  attack  of  severe 
angina  pectoris  and  died  suddenly  in  the  street. 

The  following  description  of  the  cardiac  changes  found  at  the 
autopsy  is  copied  textually  from  notes  kindly  given  me  by  the 
pathologist : 

"  Moderate  degree  of  hypertrophy  of  left  ventricle.  Valves  com- 
petent. Atheroma  in  mitral  valve  and  in  beginning  of  aorta.  In 
latter  situation  this  is  most  abundant  about  origin  of  coronary 
arteries,  whose  lumen  is  distinctly  encroached  upon  by  it.  On 
opening  of  coronary  arteries  atheroma  is  found  in  their  walls  ex- 
tensively beyond  their  origin.  In  this  way  their  caliber  is  consid- 
erably narrowed.  Microscopic  examination  of  heart  muscle  reveals 
increase  in  pigment  in  cells  about  nuclei  and  a  slightly  granular 
condition  of  muscle-cells  generally,  but  no  distinct  fat.  There  is 
no  obscuration  of  transverse  striae  and  there  is  no  increase  in  fibrous 
tissiie"^ 

Analogous  instances  to  this  are  not  infre^iuently  met  with.  Of 
course,  the  precise  nature,  the  degree  or  intensity  of  the  signs  and 
symptoms  experienced  during  life  vary  greatly.  In  a  similar 
manner  the  rapidity  or  suddenness  of  the  fatal  termination,  if  it 
occur,  varies  also  very  much.  Whenever  the  coronary  circulation 
is  immediately  and  wholly  obstructed,  sudden  dejith  takes  place, 

>  The  findings  at  autopsy  are  here  unusual,  in  that  there  was  no  occluding  thrombus  and 
the  muscle  changes  were  slight. 
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and  one  of  several  findings  is  evident  at  the  autopsy.  It  may  be 
that  the  coronary  artery  is  filled  up  with  an  embolic  plug,  which 
has  its  origin  in  the  heart  either  from  a  cardiac  thrombus  or  from 
a  detached  jwrtion  of  vegetation  from  a  diseased  valve  or  cusp  of 
the  mitral  or  aorta.  In  such  cases  the  coronarv  arteries  mav  be 
relatively  free  of  disease,  although  freciuently  there  may  be  even 
here  a  concomitant  condition  showing  local  degeneration,  though 
slight  in  amount.  Wherever — and  this  occurrence  is  much  more 
usual — the  coronary  arteries  themselves  are  more  diseased,  showing 
inflammation,  thickening — endarteritis,  in  other  words — or  pro- 
nounced atheroma,  with  possible  calcification  at  certain  points, 
thev  are  occluded  with  a  thrombus. 

The  arteries  may  be  occasionally  affected  and  narrowed  mainly 
or  entirely  at  their  orifices,  or,  what  is  truer  ordinarily,  the  coronary 
arteries  are  thickened,  tortuous,  atheromatous,  or  calcified  through- 
out the  larger  portion  of  their  distribution.  These  changes  have,  of 
course,  greatly  decreased  their  lumen  or  the  extent  of  their  caliber 
internally,  so  that  the  heart  has  been  imperfectly  nourished  by  an 
insufficient  blood-supply  for  a  long  period,  and  at  a  given  moment 
a  thrombus  forms  locally  and  almost  inevitably,  and  a  fatal  result 
ensues,  although,  of  course,  in  a  somewhat  less  rapid  manner  than 
if  an  embolus  has  been  the  immediate  and  efficient  cause  of  death. 

The  local  clianges  of  the  heart  muscle,  in  these  latter  cases  par- 
ticularly, partake  of  a  fatty  or  fibroid  character  and  are  more  or  less 
localized  or  disseminated  in  their  distribution,  accoixling  to  modifying 
general  conditions.  Moreover,  the  time  during  which  the  changes 
have  taken  place  and  the  age  of  the  patient  have  much  to  do  with 
the  character  of  these  changes.  As  I  have  already  pointed  out,  it 
is  almost  impossible  prior  to  death  and  direct  examination  of  the 
heart  to  state  positively  just  what  shall  be  found,  so  far  as  the  pre- 
cise changes  or  the  limitations  of  the  morbid  involvement  of  the 
coronarv  arteries  and  heart  muscle  are  concerned. 

In  old  valvular  troubles  of  the  heart,  whether  they  be  of  the 
nature  of  stenosis  or  regurgitation,  in  chronic  pericarditis  where  the 
adhesions  are  tough  and  fibrous,  in  an  advanced  condition  of  hyj^r- 
trophy  of  the  heart,  with  probably  much  cardiac  dilatation,  fatty 
degeneration  is  almost  surely  going  to  occur  at  a  given  time,  pro- 
vided the  patient's  life  is  sufficiently  prolonged  ;  then,  of  course. 
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notable  cardiac  weakness,  precordial  distress  and  dyspnea,  cyanosis, 
infiltration  of  the  lower  limbs,  weak,  une<]ual,  and  irregular  pulse, 
deficient  and  concentrated  urinarv  secretion,  are  some  of  the  numer- 
ous  painful  phenomena  with  which  we  are  all  familiar. 

In  these  cases  we  naturally  expect  and  usually  find  post-mortem 
far  more  disseminated  degenerative  changes  of  the  heart  muscle 
than  we  do  in  the  instances  previously  cited.  As  a  rule,  the  left 
ventricle,  and  more  [mrticularly  the  portion  of  it  near  the  septum, 
is  specially  affected.  The  columnar  carnea? — the  papillary  muscles 
— ^are  fretjuently  reduced  in  size,  changed  in  color,  soft  to  the  touch, 
possibly  giving  a  greasy  feel,  easily  torn  or  lacerated,  and  showing 
to  the  naked  eye  indubitable  evidences  of  fatty  degeneration  which 
microscopic  investigation  will  merely  serve  to  reaffirm.  The  right 
ventricle  may  also  be  degenerated  in  |>arts,  although  less  frequently 
and  it  is  now  known  that  the  auricles  are  sometimes  in  a  certain 
degree  degenerated,  although  this  statement  was  formerly  denied. 

If  there  be  chronic  myocarditis  present,  which  occasionally  occurs, 
the  heart  muscle  is  hard  and  resistant  in  spots  and  very  often  dimin- 
ished in  thickness  where  this  exists,  owing  to  the  deposit  of  fibrous 
tissue  which  has  practically  caused  many  muscular  fibers  to  atrophy, 
degenerate,  or  almost  or  completely  to  disappear. 

In  those  corpulent  jieople  who  have  accumulated  flesh  continu- 
ously, slowly,  and  in  large  amount,  the  heart  is  no  exception  to  the 
great  number  of  viscera  which  become  more  or  less  involved.  The 
deposit  of  fat  upon  and  around  the  heart  usually  seeks  at  first  those 
regions  where  fat  is  deposited  to  some  extent  normally,  and  particu- 
larly in  the  grooves  between  the  auricles  and  ventricles  and  along 
and  over  the  intraventricular  septum.  Later,  it  is  no  uncommon 
finding  to  discover  fat  under  the  epicardium  or  the  endocardium. 
Whenever  this  occurs  the  fatty  infiltration  has  extended  deeply  into 
the  heart  muscle  and  between  the  muscular  fibers  to  such  an  extent 
that  the  force  of  the  heart-beats  is  notably  lessened,  and  manv  of 
the  phenomena  which  characterize  true  fatty  degeneration  of  the 
cardiac  muscle  are  present  during  life.  Xo  very  long  while  passes 
under  these  circumstances,  unless  treatment  is  effective  in  checking 
the  accumulation  of  fat  in  the  tissues  until  the  fat  deposited  pene- 
tnites  the  muscular  fil)ers  themselves  and  produces  true  fatty  degen- 
eration of  the  heart. 
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These  obese  persons  are,  therefore,  always  a  source  of  special  solici- 
tude to  us  when  we  take  care  of  them  in  any  of  their  ills.  All  acute 
diseases  in  their  instance  are  of  moment,  and  what  would  be  a  rela- 
tively simple  affair  with  a  thin  person  or  one  with  only  moderate  or 
healthful  embon}x>int  is  apt  to  take  on  a  certain  degree  of  gravity. 
A  slight  bronchitis,  an  attack  of  influenza,  a  mild  rheumatic  seizure, 
or  a  limited  attack  of  acute  pleurisy  will  almost  invariably  lessen 
their  bodily  strength  very  rapidly,  and  soon  their  respirations  are 
much  quickened,  their  pulse  becomes  rapid  and  weak,  and  their 
cardiac  action  so  feeble  as  to  require  immediate  and  frequent  stimu- 
lation. The  only  way  to  treat  such  patients  safely  is  to  suppress 
all  bodily  exertion  as  much  as  possible  for  a  time  and  to  lessen,  if 
feasible,  their  mental  care  and  anxieties.  Even  without  any  marked 
febrile  movement  they  should  be  put  to  bed  and  kept  there  until  the 
acute  attack,  whatever  it  be,  has  completely  passed,  during  several 
days  at  least.  Of  course,  if  there  be  marked  febrile  reaction  the 
urgency  and  necessity  of  this  action  on  the  part  of  the  attending 
physician  is  even  far  more  imperative ;  and  here  it  is  well  to  remark 
that  in  such  cases,  as  frequently  the  rise  of  temperature  is  often  only 
slight  or  moderate,  the  patient's  immediate  and  nearest  relatives  are 
not  at  all  alarmed  and  not  infrequently  consider  the  wise  and  careful, 
conscientious  physician  a  great  alarmist,  when  he  is  merely  obeying 
his  best  judgment  if  he  insists  absolutely  upon  the  importance  of 
following  out  strictly  his  orders. 

At  first  in  some  of  these  cases,  and  leaving  out  attacks  of  acute 
trouble  for  the  while,  the  careful  examination  of  the  heart  physically 
will  not  permit  as  to  affirm  that  there  is  any  notable  cardiac  enlarge- 
ment ;  and  even  the  heart-sounds,  when  the  patient  is  in  his  usual 
health  and  free  from  physical  exertion  and  not  liarassed  with  busi- 
ness or  other  cares,  will  not  show  any  special  weakness,  irregularity, 
or  notable  murmurs ;  but  often  very  slight  exertion — as  going  up 
stairs,  climbing  a  hill,  hastening  in  even  an  ordinary  walk  on  level 
ground — causes  distress,  and  they  will  be  in  a  panting  condition 
almost  immediately,  become  dizzy  and  faint,  and  the  face  is  suffused 
with  an  undue  pallor,  or  else  their  cheeks  and  eyes  are  congested 
and  their  lips  are  blue  and  cyanosed.  These  cases  we  all  see — we 
meet  them  every  day — and  often,  I  am  sorry  to  say,  do  not  guide 
and  direct  them  intelligently. 
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If  the  person  affected  with  obesity  is  young  I  do  not  believe,  as 
a  rule,  that  the  immediate  outlook  of  the  case  from  a  cardiac  stand- 
])oint  has  usually  much  gravity ;  and  yet  even  then  we  must  not 
ignore  the  possible  outcome  and  the  danger  of  dilatation  of  the  heart 
resulting — more  or  less  lasting  and  important — unless  we  insist  upon 
proper  dietary,  exercises,  and  judicious  medication.  But  in  women, 
near  the  climacteric  especially,  and  in  men  near  or  past  middle  life, 
we  cannot  be  too  formal  about  our  protests  to  be  careful  and  heed 
judicious  medical  counsels ;  otherwise  we  shall  have  soon  to  deplore 
an  evident  cardiac  enlargement  and  dilatation,  which  from  a  prog- 
nostic stand-point  are  certainly  very  grave,  as  the  underlying  cause 
is  often  fatty  degeneration  of  cardiac  muscular  fiber,  and  in  view 
of  the  age  and  condition  of  the  patient  is  very  difficult,  not  to  say 
impossible,  to  remove. 

In  young  girls,  particularly,  obesity  is  apt  to  follow  acute  disease 
like  scarlet  fever  or  typhoid  and  to  be  allied  with  chlorosis.  The 
anemia  is  sometimes  corrected  by  proper  treatment  without  too  great 
lapse  of  time ;  again,  it  is  most  persistent  and  resists  all  our  efforts 
for  months  and  years.  During  this  period  such  girls  are  liable  to 
syncopal  attacks  and  other  symptoms  which  surely  indicate  pro- 
nounced cardiac  weakness  and  cause  much  distress  and  anxiety  to 
all  concerned — patient,  relatives,  and  physician.  In  older  patients 
the  blood  may  be  of  relatively  good  quality  and  not  seemingly  add 
to  the  distressing  or  merely  uncomfortable  symptoms. 

In  some  women  who  have  profuse  menstruation  ;  in  those  who 
are  married  and  have  had  several  children ;  in  women  at  the  time 
of  the  menopause — the  amount  of  blood  often  lost  at  the  monthly 
flow  is  excessive,  and  the  result  is  that  the  bodily  strength  is  greatly 
diminished  and  the  blood  examination  shows  great  diminution  in 
hemoglobin  and  the  number  and  appearance  of  the  red  cells. 

Here,  again,  I  liave  no  doubt  that  the  anemia  thus  produced  hastens 
considerably  fatty  degeneration  of  heart  muscle  and  the  subsequent 
development  of  cardiac  dilatation.  In  these  instances,  if  for  some 
reason  the  patient  is  obliged  to  submit  to  an  operation  and  take  an 
anesthetic,  of  course  the  attending  physician,  surgeon,  and,  above 
all,  the  giver  of  ether  or  chloroform  or  even  nitrous  oxide,  should 
be  particularly  careful.  In  uterine  fibroids  which  recjuire  operation 
I  would  urge  more  than  ordinary  solicitude  in  administering  anes- 
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thetics,  aud  especially  in  corpulent  women  about  middle  age.  These 
women  are  affected  with  several  conditions  which  are  apt  to  produce 
fatty  degeneration  of  the  heart.  It  may  be  that  prior  to  the  oi)era- 
tion  the  heart  had  been  thoroughly  examined  and  was  declared  com- 
petent and  probably  free  from  more  than  a  considerable  degree  of 
fatty  inJUtrationy  making  part,  as  it  were,  of  the  increased  fatty  accu- 
mulation in  the  body  not  only  in  the  cellular  tissue  under  the  skin, 
but  also  of  several  of  the  other  viscera.  During  the  course  of  the 
anesthesia,  however,  and  subsequent  also  to  the  operation,  general 
phenomena  of  cardiac  weakness  showed  themselves,  which,  without 
doubt,  at  times  hastened  or,  indeed,  occasioned  the  fatal  ending  of 
the  case. 

Whether  under  these  circumstances,  as  in  one  unfortunate  case  I 
have  in  mind,  the  cardiac  failure  would  at  all  explain  the  rise  of 
temperature  and  local  evidences  of  peritonitis  which  developed,  or 
whether  these  latter  phenomena  were  merely  due  to  some  imperfec- 
tion in  the  operative  technique,  or,  indeed,  to  penetration  and  absorp- 
tion of  septic  material  in  the  abdominal  cavity,  I  am  not  wholly 
convinoed.  What  we  do  know  is  this,  viz.,  when  a  sudden  and 
great  loss  of  blood  occurs,  accompanying  the  severe  shock  to  the 
nervous  system,  and,  indeed,  the  whole  organism,  inseparable  often 
from  the  results  of  a  very  severe  operation,  we  have  conditions 
which  may  readily  serve  to  explain  increased  temperature,  paralysis 
of  the  bowels,  local  congestions  of  intense  degree  leading  rapidly  to 
inflammation,  the  formation  possibly  of  purulent  infiltration,  and 
death. 

Our  overwrought  theories  of  microbic  infection,  it  appears  to  me, 
make  us  partially  blind  to  the  broad  notions  of  general  pathologic 
physiology,  which  I  am  confident  will  outlive  narrow  and  confined 
notions  of  the  origin  and  development  of  disease,  and  so  it  may  ]ye 
in  the  case  referred  to. 

In  no  condition  do  we  dread  more  the  development  of  fatty  degen- 
eration of  the  heart  than  in  that  of  chronic  alcoholism.  In  all  acute 
diseases,  but  particularly  so  in  the  pneumonia  of  adults,  when  we 
know  we  have  to  do  with  a  chronic  alcoholic,  our  prognosis  of  the 
outcome  of  the  case  should  alwavs  be  carefully  ^narded.  No  matter 
how  mild  the  attack  may  apparently  be  in  the  beginnins: — no  matter 
how  hopeful  we  might  be  in  other  cases  as  to  the  future  course  of 


30  ROBIX80X, 

the  disease — in  view,  perhaps,  of  the  small  area  of  lung  involvement 
and  the  mildness  of  the  general  reaction  present,  danger  is  always 
lurking  and  may  show  itself  almost  at  any  moment,  either  during 
the  acute  stage  of  the  pneumonia  or  in  the  early  convalescent  period, 
by  sudden  pulmonary  congestion  or  edema,  with  accompanying 
heart-failure ;  or,  indeed,  the  heart  itself  may  rapidly  or  suddenly 
cease  to  beat,  and  the  patient  die  in  a  syncopal  attack  of  dyspnea 
and  apparent  asphyxia,  or  a  convulsive  seizure  resembling  closely  a 
so-called  uremic  attack.  The  slightest  effort  may  bring  on  such  a 
result.  Going  to  stool,  raising  himself,  or  turning  over  in  bed  with- 
out the  help  of  a  nurse  may  be  among  several  efficient  causes  which 
bring  about  instant  dissolution  Again,  the  fatal  occurrence  may 
come  about  without  any  accidental  circumstance  whatever  to  which 
we  would  direct  attention. 

Xot  only  in  acute  diseases  are  these  statements  true,  but  they  are 
almost  equally  true  when  the  individual  has  apparently  been  in  his 
usual  health.  Thus  it  is  we  hear  of  many  cases  of  sudden  death 
attributed  to  so-called  heart-failure,  which  means  nothing  tangible 
or  obvious,  but  which  should  mean  fatty  cardiac  degeneration.  If 
an  autopsy  is  made  it  will  frequently  demonstrate  the  fact  beyond 
reasonable  doubt. 

In  certain  autopsies  carefully  conducted,  so  far  as  visible  appear- 
ances are  concerned,  a  report  is  occasionally  returned  that  no  sufficient 
cause  of  death  has  been  discovered.  The  heart  is  about  of  normal 
size,  there  is  no  valvular  disease,  and  the  cardiac  fiber  does  not  seem 
notably  affected.  There  is  assuredly  no  pallor  of  the  heart  muscle ; 
the  heart  may  not  flatten  out  on  the  table  and  the  muscle  may  not 
be  easily  torn  or  lacerated  ;  indeed,  the  heart  muscle  is  deeply  stained 
or  of  more  than  ordinary  deep  red  coloration.  In  some  instances 
this  staining  is  due  simply  to  the  inhibition  of  the  muscular  fibers 
with  the  coloring- matter  of  the  blood  due  to  changes  in  this  fluid. 
While  this  appearance  is  oftener  present  in  acute  febrile  disease 
than  it  is  where  no  such  intercurrent  complication  has  taken  place, 
yet  the  cardiac  appearances  may  be  as  I  have  described  them  in 
chronic  alcoholics  who  have  died  suddenly. 

The  microscopic  examination  of  the  cardiac  fibers  in  these  in- 
stances, if  made — and  it  always  should  be  made — will  not  infre- 
quently reveal  manifest  granular  or  fatty  defeneration  of  muscular 
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fibers,  possibly  limited,  but  more  usually  disseminated.  Whenever 
the  changes  are  limited  we  should  be  careful  to  examine  the  condi- 
tion of  the  coronary  circulation,  and  frequently  there  will  be  found 
endarteritis  or  atheromatous  changes. 

In  the  senile  heart,  especially  among  those  {)ersons  who  have  led 
a  moderately  careful  and  regular  life,  we  are  more  inclined  to  diag- 
nose fibrous  changes  than  fatty  ones  if  the  heart  begins  to  show 
decideil  weakness,  irregularity,  and  intermittences.  With  this  con- 
dition there  may  be  moderate  enlargement — usually  hypertrophous 
dilatation.  There  may  be  no  abnormal  cardiac  murmurs,  and  fre- 
([uently  the  pulse,  instead  of  being  irregular  and  weak,  may  be  of 
good  tension  and  very  regular,  showing  trouble  only  by  a  little  lack 
of  fulness  and  undue  slowness.  Of  course,  the  arterial  coats  both 
at  the  radials  and  temporals  may  be  thickened,  tortuous,  and  stand 
out  prominently  owing  to  the  shallow  layer  of  subcutaneous  cellular 
tissue. 

The  urine  in  these  cases  may  be  in  fairly  good  quantity,  but  is 
ordinarily  of  somewhat  low-  specific  gravity,  without  sugar  or  albu- 
min. An  occasional  granular  or  hyaline  cast  is  often  discovered. 
With  a  tendency  to  constipation,  which  often  exists,  the  quantity  of 
urine  eliminated  in  twenty-four  hours  will  sometimes  be  decidedly 
below  normal. 

With  any  little  fatigue,  with  any  slight  error  of  diet,  with  any 
prolonged  exposure,  with  any  excessive  heat  or  cold,  with  any  rapid 
change  of  temperature  even,  these  old  people  are  apt  to  feel  poorly. 
They  lose  appetite,  they  sleep  less  well,  their  bronchial  secretion  is 
increased  so  as  to  produce  annoying  cough  for  some  days,  they  are 
apt  to  become  lethargic  and  inclined  to  doze  frequently,  and  it  is  not 
uncommon  to  have  them  complain  of  feeling  dizzy  or  faint.  All 
these  symptoms  are  unquestionably  due  in  some  instances  at  least  to 
certain  fibroid  changes  in  the  heart  muscle.  These  changes  are, 
however,  not  usually  limited  there ;  they  are  more  or  less  dissemi- 
nated everywhere  in  the  arteriocapillary  system,  and  several  of  the 
diflFerent  viscera  are  notably  affected,  and  particularly  is  this  true 
of  the  kidneys,  the  liver,  and  the  lungs.  We  have  in  these  cases 
the  best  expression,  without  doubt,  of  the  general  disease  so  ably 
described  originally  by  Gull  and  Sutton  and  so  well  added  to  by 
the  labors  of  George  Johnson  and  other  able  writers. 
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As  regards  the  eflFeet  of  .syphilis  in  protlucing  cardiac  degenera- 
tion, either  of  the  fibroid  or  fatty  type,  I  have  very  little  to  say  from 
the  point  of  view  of  my  own  personal  observation  and  ex[>erience. 
In  a  few  rare  instances,  it  is  true,  where  the  syphilitic  poisoning 
was  intense  and  the  constitutional  effects  had  become  wide-spread 
by  reason  also  of  its  duration  I  have  seen  the  internal  organs  evi- 
dently much  affected. 

Syphilitic  gummata  of  the  liver  I  have  occasionally  observed,  and 
in  connection  therewith  there  have  been  fatty  and  fibroid  changes. 
Undoubtedly  the  same  products  may  occur  in  the  heart  walls, 
although  very  infrequently  in  the  ordinary  routine  of  general  hos- 
pital or  private  practice.  Its  possibility,  however,  should  be  kept 
in  view,  and  wherever  we  have  to  do  with  those  changes  in  deep- 
seated  organs  of  syphilitic  origin  which  clearly  show  its  si^cial 
virulence  we  should  pay  particular  attention  to  the  condition  of  the 
heart.  If  there  are  signs  and  symptoms  pointing  clearly  to  cardiac 
weakness  coming  on  slowly  and  increasing  constantly  it  is  good 
clinical  conduct  to  have  our  mind  alive  to  the  possibility  of  an 
intracardiac  gumma  and  to  the  fatty  and  fibroid  changes  which  may 
depend  upon  or  result  therefrom. 

After  what  I  have  written,  the  prognosis  and  treatment  of  these 
structural  changes  should  be  considered.  In  general  it  may  be  said 
that  if  the  process  has  come  on  with  some  rapidity,  or  if  the  cause 
be  possible  of  removal,  the  prognosis  is  far  less  grave,  at  least  pros- 
pectively, than  if  the  contrary'  conditions  are  true.  Of  course,  in 
the  fatty  change  of  the  heart,  which  I  believe  possibly  or  probably 
exists  to  a  certain  degree,  at  least  in  a  few  anemic  young  women, 
this  condition  is  undoubtedly  curable  in  a  shorter  or  longer  time  by 
judicious  methods  of  treatment.  If  the  anemic  state  should,  on  the 
contrary,  become  of  a  more  advanced  or  pernicious  type,  we  all  know 
that  while  we  may  and  do  obtain  temporary  good  effects,  which  for 
a  while  at  least  may  seem  to  promise  a  permanent  cure,  our  hopes 
are  apt  to  be  in  vain.  This  is  thus  far  the  history-  of  the  medicinal 
effects  of  large  and  increasing  dovses  of  arsenic  and  the  use  of  intes- 
tinal antiseptics  according  to  the  metliod  of  Hunter  in  the  treatment 
of  pernicious  anemia.  The  able  and  exhaustive  report  of  Cabot 
before  the  Association  of  American  Physicians,  May,  1900,  would 
serve  onlv  to  confirm  the  correctness  and  sadness  of  tliis  view. 
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In  all  instances^  of  course,  where  the  anemic  condition  and  the 
accompanying  cardiac  degeneration,  probably  fatty,  depends  upon 
or  is  occasioned  by  malignant,  incurable  disease,  so  recognized  at  the 
present  time,  we  cannot  properly  hope  for  any  amelioration  of  the 
cardiac  changes.  In  most  instances  where  the  alcoholic  habit  has 
been  largely  instrumental  in  bringing  on  signs  and  symptoms  of  car- 
diac fatty  degeneration  and  similar  changes  in  other  viscera — if  these 
changes  are  not  too  far  advanced  and  if  the  alcoholic  habit  be  entirely 
suppressed — we  may  reasonably  hope  in  many  examples  for  a  meas- 
urable degree  of  improvement  in  the  physical  condition  of  the  patient 
and  possibly  for  a  complete  cure.  This  happy  result  can  only  be 
obtained  with  considerable  time,  however,  and  by  absolute  attention 
to  abstemious  habits  of  life  and,  above  all,  by  complete  abstention 
from  alcohol  in  future.  Of  course,  if  the  alcoholic  habit  has  been 
an  excessive  one  and  long  continued,  and  if  the  patient  has  already 
reached  middle  life  or  passed  beyond  it,  tlie  ultimate  outlook  of  the 
case  is  far  less  hopeful.  In  this  matter,  however,  personal  idiosyn- 
crasy and  constitutional  tendencies  should  always  be  considered  and 
much  weight  given  to  their  due  estimate. 

I  have  known  certain  individuals  to  have  a  pronounced  alcoholic 
habit  of  many  years'  duration,  and  yet  during  a  large  portion  of 
the  time  they  have  shown  no  morbid  symptoms  or  signs  of  special 
moment  resulting  therefrom.  When  morbid  phenonujna  develoj) 
finally  in  these  cases,  pointing  unerringly  to  involvement  and  degen- 
eration of  the  heart  muscle,  I  still  feel  a  reasonable  hope  that  they 
may  be  able  to  arrest  their  disease,  provided  always  that  I  can  per- 
suade them  to  restrain  absolutely  their  alcoholic  appetite. 

In  otlier  cases  so  soon  as  the  cardiac  degeneration  is  clearly  present 
the  onward  march  of  the  disease  takes  place  apparently  without  halt 
or  hinderance.  The  march  onward  and  downward  may  be  slow  or 
rapid,  but,  unfortunately,  it  is  sure,  and  our  best  remedial  means  are 
ineflfective  to  delay  or  arrest  its  course. 

In  certain  obese  persons,  by  a  proper  system  of  diet  and  exercise 
and  suitable  cardiac  tonics  at  times  combined  with  the  continuous 
and  judicious  inhalation  of  oxygen  during  weeks  and  months,  we 
may  sometimes  obtain  very  good  eflFects.  The  prolonged  use  of 
potassium  iodide  in  these  cases,  given  in  moderate  doses,  always 
supposing  it  is  well  borne  by  the  stomach  and  eliminative  organs 
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(skin,  luugs,  and  kidneys),  is  in  the  judgment  of  many  capable 
observers  very  useful  and  takes  the  place  oftentimes  of  nitroglycerin 
and  the  nitrates  with  great  advantage. 

A  few  observations  of  individuals,  young  or  past  middle  life,  have 
made  me  believe  that  the  treatment  of  Nauheim  in  well-selected 
cases,  and  managed  with  discretion  and  good  judgment  and  with  a 
mental  eye  single  and  devoted  to  the  best  good  of  the  patient,  has 
been  unciuestionably  of  great  use  for  a  time.  The  great  risk  of  this 
spa  treatment,  as  of  all  others,  resides  in  the  fact  that  even  intelli- 
gent, cultivated  physicians,  here  as  elsewhere,  become  in  a  sense  the 
victims  of  their  own  exaggerated  enthusiasm,  and  when  a  patient 
comes  under  their  care  they  are  apt  to  push  their  treatment  incon- 
siderately i)erhaps  and  sometimes  too  far. 

Or  it  mav  occur — I  have  known  such  a  case — that  an  individual 
past  the  meridian  of  life  has  been  sent  to  Xauheim  for  treatment  by 
his  family  physician,  and  although  the  {)atient  when  he  reaches  the 
springs  is  in  no  condition  to  go  through  the  spa  treatment — or 
originally,  even,  may  not  have  been  a  suitable  case  for  these  pix)- 
cedures,  yet,  either  owing  to  his  preconceived  notions  or  to  the 
stress  he  lays  upon  carrying  out  what  he  was  ordered  from  home 
to  do,  the  local  practitioner  of  Xauheim  permits  the  following  up 
of  what  perhaps,  if  his  better  judgment  had  acted  coolly  and  delib- 
erately, he  \YOuld  not  have  {permitted,  or  in  another  case  have  only 
permitted  in  a  very  limited  measure. 

In  some  cases  one  course  of  treatment  at  Nauheim  may  be  decidedly 
useful,  but  unfortunately  is  not  completely  successful  in  establishing 
a  cure.  Such  a  patient  is  sometimes  told  to  return  another  season, 
or  another,  and  better  results  may  or  will  be  obtained.  This,  unhap- 
pily, is  an  error  fruitful  of  bad  conseijuences.  The  patient  has  really 
obtained  all  the  good  possible  from  the  saline  carbonic  acid  baths 
and  the  regulated  resistance  movements.  It  would  have  been  far 
better  for  these  persons,  in  my  judgment,  if  they  had  remained 
away  from  the  spa  later  and  if  they  had  sought  from  other  means 
all  the  improvement  they  could  fairly  hope  for. 

It  is  the  wise,  conscientious  physician,  who  is  thoroughly  familiar 
with  the  personality,  habits,  and  surroundings  when  at  home  of  these 
patients,  who  should  really  guide  and  direct  them.  I  say  it  most 
regretfully  that  oftentimes  his  voice  is  like  as  one  "  crying  in  the 
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wilderness,"  and  the  wisdom  of  his  forethought,  wide  knowledge, 
and  clear-sightedness  is  rarely  or  perhaps  never  fully  recognized. 
In  senile  changes  of  degenerative  type  affecting  the  heart,  and  espe- 
cially where  interstitial  fibroid  changes  occur,  accompanied  usually, 
as  I  have  already  said,  by  more  or  less  general  changes  throughout 
the  whole  arterial  system,  a  wise  conservatism  should  always  pre- 
vail. It  is  utter  foolishness  to  suppose  that  we  can  modify  in  any 
appreciable  degree  what  has  very  slowly  and  surely  taken  place,  and 
what  is,  after  all,  many  times  only  the  outward  and  visible  expres- 
sion of  the  progress  at  times  or  the  result  of  "  anno  domini,"  from 
which  man  no  more  than  other  animals  is  exempt. 

There  is  a  natural  growth  and  natural  decay,  and  these  fibroid 
changes  in  the  heart  and  vascular  circulation  are  to  be  wisely  re- 
garded as  nature's  showing  in  due  season.  In  such  cases,  therefore, 
treat  symptoms  as  they  arise  with  the  hope  of  temporary  relief  and 
temporarv'  benefit  many  times,  but  no  more  hope  to  arrest  or  change 
the  inevitable  permanently  than  to  change  the  river  permanently  in 
its  course  by  an  insignificant  and  temporary  dam. 

In  the  fatty  degeneration  which  complicates  chronic  valvular 
cardiac  conditions  and  is  either  the  cause  or  the  result  of  cardiac 
hypertrophy  or  dilatation  something  may  still  be  done. 

The  general  nutrition  of  these  patients  may  be  kept  up  by  suit- 
able food,  and  their  emunctories  may  be  properly  stimulated  when 
required  by  baths,  diuretics,  and  gentle  laxatives.  Breatliing  pure 
air  and  gentle  exercise  in  walking  will  sometimes  prove  remedial. 
The  blood  should  be  kept  in  good  condition,  and  tonics  may  be 
required.  Heart  stimulants  are  often  temporarily  useful.  In  the 
event  of  evidence  that  the  condition  is  not  progressing  favorably, 
strychnin  is  advantageous  when  continued  for  some  time,  with 
<x)casional  interruptions,  in  moderate  doses.  Where  there  is  much 
arterial  tension,  with  marked  dyspnea,  potassium  iodide,  if  well 
borne,  will  give  temporary  relief  and  occasionally  prove  permanently 
beneficial.  All  sudden  or  great  efforts  should  be  most  carefully 
avoided,  and  especially  is  this  true  in  the  secondary  great  hyper- 
trophy which  follows  aortic  regurgitation,  whenever  the  heart  shows 
that  its  walls  have  become  hopelessly  degenerated.  In  these  instances 
it  is  that  many  sudden  deaths  occur,  as  the  records  of  our  hospitals 
show,  as  well  as  occasionally  ex|)erience  in  private  practice. 
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In  cases  of  suspected  syphilitic  degeneration  affecting  the  cardiac 
muscle,  potassium  iodide,  freely  given,  or  the  mixed  treatment 
wisely  ordered  accoixiing  to  circumstances  should  be  our  main  reli- 
ance. 

In  writing  the  foregoing  paper  I  might  have  insisted  more  than 
I  have  done  upon  the  purely  pathologic  aspects  of  my  subject ;  I 
might,  indeed,  have  given  a  careful  description  of  pathologic  find- 
ings in  these  cases  at  the  autopsy  when  it  was  made,  and  especially 
when  made  with  particular  reference  to  the  condition  of  the  cardiac 
walls  and  the  coronary  circulation.  To  have  done  so  would  have 
lengthened  my  paper  unduly,  and  would,  moreover,  have  taken  away 
perhaps  part  of  the  interest  attaching  to  it  as  a  clinical  study,  upon 
Avhich  I  would  place  special  emphasis. 

Having  said  this  by  way  of  an  explanation  I  would  now  crave 
attention  for  a  few  words  from  the  point  of  view  of  the  gross  and 
minute  lesions  present  in  cardiac  muscles  in  different  instances. 
Wherever  the  heart  is  notably  affected  with  fibroid  changes  the 
muscle  there  becomes  tougher  and  more  resistant,  beside  showing 
thinning  of  heart  walls  in  places.  In  the  spots  thus  affected  there 
is  a  yellow-whitish  coloration,  which  indicates  somewhat  the  prob- 
able nature  of  the  degeneration.  This  degeneration  is  prone  to  occur 
in  patches  and  especially  in  certain  regions  of  the  left  ventricle  and 
near  the  septum  and  apex  than  elsewhere.  Under  the  microsco}>e 
the  parts  affected  are  shown  often  to  be  almost  wholly  composed  of 
fibrous  tissue. 

In  other  cases,  while  the  fibrous  tissue  is  in  great  excess  between 
the  muscular  fibers,  the  latter  still  are  present  but  atrophied  or  de- 
generated more  or  less.  The  nucleus  has  sometimes  disappeared  as 
well  as  the  striae,  and  there  may  be  more  or  less  pigmentary  deposit 
in  the  form  of  granules,  regularly  or  irregularly  distributed.  Wher- 
ever the  nucleus  of  the  muscle  still  exists  the  pigmentary  granules 
are  apt  to  be  present  in  larger  numbers  about  it  than  elsewhere. 

The  primary  fibers  are  occasionally  almost  homogeneous  in  appear- 
ance. Alongside  of  fibers  much  atrophied  or  degenerated  there  may 
be  others  relatively  healthv. 

In  chronic  fatty  degeneration  of  the  heart  muscle,  especially  if  it 
is  at  all  advanced  as  to  its  stage,  the  color  of  the  muscle  is  notably 
pale  and  yellow  in  places.     Sometimes,  however,  where  the  changes 
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are  not  so  far  advanced^  at  least  in  spots,  but  more  generally  dis- 
seminated, the  heart  muscle,  particularly  of  the  ventricles  where  the 
degeneration  is  most  pronounced,  is  less  changed  in  color  from  the 
normal.  However,  in  these  instances  the  muscle  has  lost  its  con- 
sistence, is  very  flabby,  and  the  heart  flattens  out  and  loses  some- 
what its  healthy  outline  on  the  table ;  beside  it  has  lost  resistance 
and  is  easily  torn  and  lacerated.  Under  the  microscope  the  dis- 
eased fibers  may  show  very  numerous  granules,  or  at  an  ulterior 
stage  these  granules  may  be  replaced  by  many  glistening,  shiny, 
very  refringent  round  bodies  of  large  caliber,  which  evidently  are 
oily  or  fatty.  Here,  again,  the  nucleus  of  the  muscle  may  or  may 
not  have  become  degenerated  or  have  disappeared  entirely.  The 
same  is  true  of  the  lateral  striae  and  the  longitudinal  fibrillations. 

There  may  sometimes  be  an  overgrowth  of  pigment  granules. 
These  granules  may  be  deposited  in  the  muscular  fiber  itself  or  in 
the  interstitial  connective  tissue  between  the  fibers.  The  pigmen- 
tary granules  may  be  more  or  less  irregularly  placed.  Usually  there 
are  a  larger  number  near  the  muscle  nucleus.  Occasionally  the 
whole  fiber  may  be  larger  than  normal  and  appear  almost  entirely 
homogeneous. 

Alongside  of  some  fibers  completely  degenerated  there  are  others 
which  are  relatively  healthy  or  diseased  only  in  parts.  The  connec- 
tive tissue  between  the  fibers  in  typical  fatty  degeneration  of  the 
muscle  is  usually  not  much,  if  at  all,  increased  in  quantity.  In 
other  cases,  especially  where  there  are  fibroid  changes  throughout 
the  vascular  system  and  in  different  viscera,  there  may  be  a  consid- 
erable increase  of  interstitial  connective  tissue  and  also  pronounced 
fatt}'  degeneration. 

For  further  and  more  complete  and  accurate  knowledge  of  the 
pathology  of  these  cases  I  would  direct  my  hearers  to  the  best  modem 
treatises  on  cardiac  disorders,  among  which  that  of  Gibson  seems  to 
me  particularly  valuable.  To  this  author  I  feel  especially  indebted 
for  much  valuable  knowledge,  which  I  have  not  hesitated  to  utilize, 
and  to  whom  I  now  give  full  credit. 


ox  THE  CLASSIFICATIOX  OF  INTOXICATIONS 
FROM  A  PATHOLOGIC  STAND-POINT. 


By  J.  GEORGE  ADAMI,  M.D., 

PBOFE880B  OP  PATHOLOGY.  MCGILL  VXIVEBSITY,  MONTREAL. 


All  actual  chemical  substances  which  have  a  deleterious  action 
upon  the  cells  of  the  body  we  speak  of  as  poisons.  We  may  thus 
accept  the  definition  of  Robert  that  "poisons  are  non-organized 
substances,  organic  or  inorganic,  existing  within  the  organisms  or 
introduced  there  from  without,  which  from  their  chemical  constitu- 
ents are  able  under  certain  conditions  to  be  harmful  to  living  beings 
by  destroying  or  affecting  their  health  or  relative  well-being.'' 

Intoxication  we  must  regard  as  the  series  of  changes  occurring  in 
the  organism  in  consequence  of  the  action  of  such  poisons. 

A  study  of  the  substances  which  are  able  to  enter  into  chemical 
combination  with  the  cell  substance  shows  that  intoxicants  or  poisons 
are  only  such  relatively ;  substances  are  hannful  only  when  present 
in  sufficient  quantity  either  to  set  up  molecular  disturbance  in  the 
protoplasm  of  the  cells  or  to  arrest  normal  molecular  changes  in  that 
protoplasm.  Conversely,  all  substances  capable  of  solution  in  the 
body  fluids  and  absorption  into  the  cells  composing  the  body  are 
also  capable  of  acting  as  poisons,  because  their  effect  upon  the  cells 
depends  on  the  extent  of  their  absorj^tion,  and  above  a  certain  pointy 
the  limit  varying  with  each  substance,  their  action  is  unfavorable  to 
the  continuance  of  orderly  cell  processes;  so  tliat,  to  mention 
the  extreme  example,  water  introduced  into  tlie  organism  above  a 
certain  amount  (e.  ^.,  60  c.cm.  per  kilo  of  body-weight)  is  found  to 
be  a  poison,  for  it  both  causes  the  fusion  of  hemoglobin  out  of  the 
red  corpuscles  and  so  prevents  due  oxygenation,  and,  being  absorbed 
by  the  cells  of  sundry  tissues  in  excessive  amounts,  it  deleteriously 
affects  the  due  activitv  of  those  cells. 
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It  follows,  therefore,  that  the  number  of  potential  poisons  is  enor- 
mous, and  it  can  easily  be  understood  that  the  effects  of  these  poisons, 
the  intoxications,  are  most  varied.  How  are  we  to  classify  these 
intoxications  ? 

There  is  no  special  group  of  reactions  in  the  organism  following 
upon  the  action  of  animal,  vegetable,  and  mineral  poisons,  respec- 
tively, nor  can  we  gain  any  broad  conception  of  the  mode  of  action 
of  special  sets  of  poisons  by  this  classification  ;  the  actions  of  certain 
poisons  belonging  to  one  group  are  simulated  by  the  action  of  poisons 
belonging  to  the  other.  Thus,  for  pathologic  purposes,  the  old, 
familiar  classification  into  animal,  vegetable,  mineral,  and  gaseous  is 
absolutely  futile.  Nor,  again,  can  we  as  yet  make  a  classification 
acording  to  the  chemical  composition  of  the  ]K)isons,  for  in  attempt- 
ing this  we  meet  with  several  difficulties.  We  have  to  recognize 
that  a  given  substance  has  more  than  one  action,  that  studying  indi- 
vidual organs  and  tissues  one  form  of  poison  differs  often  in  its  results 
from  another  which  chemically  may  appear  to  be  closely  allied,  and, 
thirdly,  that  the  same  poison  acts  differently  upon  the  various  tissues 
according  to  the  degree  of  its  concentration.  We  are,  in  short,  com- 
pelled very  largely  to  classify  the  changes  recognized  within  the 
tissues,  and  from  these  changes  to  classify  our  intoxications. 

Proceeding  along  these  lines  we  can  by  analogy  determine  the 
essential  nature  of  processes  little  understood.  When,  for  example, 
to  quote  the  researches  of  liardeen  and  those  of  Dr.  J.  McCrae, 
which  I  am  bringing  before  this  Association,  we  find  that  the 
changes  occurring  in  the  lymph  glands  and  kidneys  in  diphtheria 
are  curiously  simulated  by  the  changes  in  these  same  organs  which 
follow  upon  superficial  burns, we  recognize  that  in  the  systemic  results 
of  severe  bums  it  is  not  the  shock  and  nervous  disturbance  which  are 
the  only  factors  at  work,  but  that  at  least  an  important  factor  is  evi- 
dently a  toxemia,  or  the  entrance  of  some  poison  into  the  general 
systemic  circulation,  corresponding  in  many  details  with  the  toxins 
or  bacterial  poisons. 

There  is,  however,  another  mode  of  classification  which  is  distinctly 
valuable,  and  to  which  I  would  to-day  especially  call  attention  ; 
because,  while  its  value  is  recognized,  the  various  terms  elaborated 
in  connection  with  this  classification  are  employed  so  vaguely  and 
so  >vrongly  that  either  those  terms  must  be  completely  tabooed,  or, 
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on  the  other  hand^  an  attempt  must  be  made  to  employ  them  with  a 
clear  understanding  of  what  they  mean. 

The  first  of  these  alternatives  is,  I  think^  impossible.  When  a 
term  becomes  widely  employed  it  is  an  indication  that  it  is  definitely 
useful,  and  no  amount  of  academic  discussion  will  lead  to  its  discon- 
tinuance. All  that  we  can  do  is  to  see  that  it  is  employed  correctly. 
It  is  to  von  Jaksch,  I  believe,  that  we  owe  the  introduction  of  the 
terms  exogenotis  intoxications  and  endogenoiis  intoxications ;  the  ex- 
ogenous being  set  up  by  poisons  introduced  from  without,  the  endog- 
enous by  poisons  developed  within  the  system. 

A  little  consideration  will  show  that  we  have  to  proceed  with 
great  caution  in  the  employment  of  these  two  terms.  In  the  first 
place  we  have  to  recognize  that  a  poison  introduced  into  the  system 
from  without,  while  most  liable  to  produce  an  exogenous  intoxica- 
tion, may  also  set  up  one  that  is  endogenous,  and,  conversely,  that  a 
poison  developed  within  the  body — one  that  is  endogenous  or  in- 
trinsic— may  induce  similarly  either  an  endogenous  or  an  exogenous 
intoxication. 

Let  me  here  explain  more  fully.  With  regard  to  the  extrinsic 
poison,  this  may  produce  its  effects  in  two  ways— either  by  acting 
directly  upon  the  cells  of  the  organism,  and  by  that  action  causing 
immediate  disturbance,  in  which  case  it  seta  up  an  exogenous  intoxi- 
cation, or,  indirectly,  in  its  action  upon  the  cells  of  certain  organs 
it  may  lead  to  perverted  activity  of  those  cells,  to  modified  internal 
secretion  on  the  part  of  the  same,  and  it  may  be  these  products  of 
perverted  cell  activity,  rather  than  the  introduced  poison,  which  set 
up  the  main  disturbances,  developing  a  condition  of  endogenous  in- 
toxication. Similarly,  while  the  products  of  cell  activity  under  cer- 
ta,in  conditions  are  liable  to  cause  direct  disturbance  in  the  various 
tissues,  so  setting  up  an  endogenous  intoxication,  it  lias  also  to  be 
recognized  that  occasionally  these  substances  only  act  after  they  have 
been  discharged  into  the  ducts  and  passages  of  the  body,  where, 
accumulating,  they  may  be  reabsorbed ;  in  which  case  we  really 
have  to  deal  with  exogenous  intoxication,  for  it  is  necessary  to  lay 
down  that  any  intoxication  due  to  substances  absorbed  from  outside 
the  system  are  to  be  regarded  as  exogenous,  whether  the  poison  be 
manufactured  previously  within  the  system  or  not.  Indeed,  if  we 
are  to  employ  these  terms  aright  it  is  necessary  to  keep  clearly  and 
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constantly  in  mind  the  distinction  between  the  poison  and  the  Inloxi- 
caiion.  This  is  especially  necessary  in  connection  with  the  endog- 
enons  intoxications.  Here,  in  the  first  place,  we  have  to  obtain  a 
very  precise  understanding  of  what  is  meant  by  the  term  endogenous, 
for  some  would  speak  of  poisons  produced  by  the  organism  itself  as 
being  the  only  endogenous  poisons.  This,  I  think,  is  wrong.  The 
strict  meaning  of  the  term  demands  that  all  intoxications  due  to 
poisons  generaied  within  and  acting  within  the  system  should  be 
regarded  as  endogenous.  Thus  we  have  to  recc^ize  two  broad 
groups  of  these  intoxications,  namely,  endogenous  intoxications  of 
the  first  order,  due  to  the  action  of  subiitanoes  develofied  by  the 
body,  or  autointoxications,-  and  parasitic  intoxications,  or  condi- 
tions due  to  the  toxins  of  bacteria  or  the  discharges  of  laiger  para- 
sites, generated  within  the  system. 

It  is  more  especially  in  connection  with  the  autointoxications 
that  confusion  has  arisen,  and  this  confusion  is  worse  confounded 
by  the  failure  to  recognize  what  is  within  and  what  witliout  the 
system.  According  to  vulgar  parlance,  the  contents  of  the  alimen- 
tary canal  are  a  part,  and  an  important  part,  of  the  "  inside  "  of  the 
individual,  yet,  strictly  speaking,  the  food  taken  is  not  truly  within 
the  system  until  it  has  been  absorbe<l  by  the  cells  of  the  oiganism. 
Diagrammatically,  we  can  represent  a  median  sagittal  section  of  the 
body  as  follows : 
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-  It  is  seen  that  only  that  which  is  in  the  shaded  portion  is  really 
within  the  body  ;  hence  intoxication  arising  from  the  absorption  of 
substances  from  any  point  outside  of  the  shaded  area  must  be  re- 
garded as  exogenous.  Now  Bouchard,  who  popularized  if  he  did 
not  originate  the  term  autointoxication,  and  following  him  the 
French  pathologists  in  general — ^and  not  only  French  pathologists, 
but  other  writers  in  other  coimtries — have  started  from  this  popular 
notion  that  the  contents  of  the  alimentary  canal  are  within  the  body, 
and  most  unfortunately  have  classed  all  the  toxic  results  not  only 
of  perversion  of  cellular  and  tissue  activity  but  also  of  gastrointes- 
tinal fermentation  and  the  absorption  of  products  of  bacterial  activity 
in  the  intestinal  contents  under  the  one  indiscriminate  heading  of 
autointoxication.  Indeed,  they  regard  these  last  as  the  most  im- 
portant of  the  autointoxications,  and  starting  thus  with  a  vague 
and  indefinite  idea  of  what  constitutes  autointoxication  they  make 
no  sharp  distinction  between  the  two  forms  of  endogenous  poisons, 
namely,  microbic  and  somatic  or  cellular.  Everything  is  blurred, 
and  as  a  consequence  this  term  autointoxication,  not  being  sharply 
defined — a  term  which  is  capable  of  being  of  the  greatest  utility — has 
fallen  into  disrepute  simply  because  of  this  want  of  proper  definition. 
We  see  discussions,  for  example,  on  gastrointestinal  autointoxi- 
cation. What  do  the  writers  mean  when  they  employ  the  term? 
Any  one  of  the  following  conditions  might  be  intended  when  it 
is  employed  in  this  way,  namely  : 

1.  That  the  secretions  of  the  alimentary  canal  discharged  into  the 
intestines  and  there  modified  are  reabsorbed,  or,  in  other  words,  that 
we  are  dealing  with  an  intrinsic  somatic  poison  which  sets  up  an 
exogenous  intoxication. 

2.  That  the  intoxication  has  been  caused  by  the  multiplication  of 
intestinal  bacteria  and  the  absorption  of  their  pixxiucts  of  growth, 
or  that  we  are  dealing  with  an  extrinsic  poison  causing  also  an 
exogenous  intoxication. 

3.  That  the  intoxication  is  caused  by  the  interaction  between  the 
bacteria  and  the  foodstuffs  and  contents  of  the  alimentary  canal ; 
here  again  we  are  dealing  with  a  purely  exogenous  intoxication. 

4.  That  it  is  due  to  an  interaction  between  the  intestinal  bacteria 
and  the  secretions,  or  that  it  is  exogenous,  but  developed  by  a  mix- 
ture of  intrinsic  and  extruisic  poisons ;  or,  lastly  : 
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5.  That  the  toxins  absorbed  from  the  intestine,  whether  of  bacte- 
rial origin  or  derived  from  the  breaking  down  of  foodstuffs,  when 
absorbed  lead  to  a  faulty  metabolism,  and  that  as  a  result  of  the 
consequent  perverted  activity  of  the  cells  of  sundry  organs  those 
cells  discharge  into  the  blood  poisonous  products,  and  so  we  have  to 
deal  with  an  endogenous  intoxication  induced  by  extrinsic  poisons. 

From  a  study  of  these  possible  meanings  of  the  term  it  is  seen  that, 
so  employed,  clearer  conceptions  are  quite  impossible.  Apparently 
those  who  use  the  term  gastrointestinal  autointoxication  refer  in 
general  to  the  effects  of  bacterial  action  upon  foodstuffs.  If  they 
mean  this,  then  the  condition  is  as  much  an  exogenous  intoxication 
as  is  the  result  of  drinking  carbolic  acid. 

As  I  have  already  stated,  it  appears  to  me  impossible  to  banish 
the  term  autointoxication  entirely.  What  is  necessary  is  that  we 
must  define  clearly  tlie  conditions  under  which  it  may  be  used.  So 
I  would  urge  that  an  aidoirdoxieaiUyii  is  an  intoodcaiion  set  up  by 
the  a>ction  of  substances  formed  by  or  from  Oie  cells  of  the  body  ;  that  is 
to  say,  either  by  the  secretions  of  those  cells  or  by  the  prodiicts  of  their 
disinteffroMon.  Such  autointoxication  is  endogenous  when  the  poison 
so  formed  acts  without  any  preliminary  passage  out  of  the  system  ; 
is  exogenous  when  it  is  due  to  reabsorption  of  the  secretions,  as,  for 
example,  when  the  obstruction  of  a  duct  is  followed  by  reabsorption 
of  the  excretion.  Such  exogenous  or  indirect  autointoxications  are 
rare  and  of  slight  importance. 

We  thus  arrive  at  the  following  classification  of  the  intoxications 
in  general : 

I.  Exogenous  :  due  to  the  action  of  poisons  entering  the  system 
from  without. 

1.  Exotic,  or  introduced  :  due  to  the  action  of  substances  foreign 
to  the  organism  which  gain  entrance  through  the  skin,  the 
digestive,  the  respiratory,  or  the  genitourinary  tract. 

2.  Indigenous,  or  excretory. 

(a)  Indirect  autointoxication :  due  to  the  absorption  of  re- 
tained excreta. 

(6)  Disintegrative :  due  to  the  absorption  of  decomposition 
and  fermentation  products  developed  in  the  external  secre- 
tions through  the  action  of  those  secretions. 
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II.  Enixk*enous: 

1.  Direct  aiUointoxicaiions. 

(a)  Internal  secretory:  due  to  the  action  of  excessive  or 
unneutralized  or  modified  discharges  from  the  cells  of 
one  or  other  tissues  acting  directly  upon  the  other  tissues 
of  the  body  without  previous  discharge  from  the  system. 

(6)  Disintegrative  :  due  to  the  action  of  the  products  of  de- 
composition and  necrosis  of  one  or  other  tissues  acting 
in  a  similar  manner. 

2.  Parasitic. 

(a)  Microparasitic,  the  infections. 
(6)  Macroparasitic. 

I  suggest  this  table  for  your  consideration,  believing  that  if  the 
terminology  here  suggested  be  adhered  to  we  shall  arrive  at  greater 
precision  and  clearer  thought  in  the  matter  of  the  intoxications. 


EXPERIMENTAL  YELLOW  FEIVER. 
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JAMES  CARROLL,  M.D.,  and  A.  AGRAMONTE,  M.D., 
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Subsequent  to  the  presentation  of  our  paper  to  the  Pan-American 
Congress*  in  Havana^  we  succeeded  in  producing  some  additional 
cases  of  yellow  fever  at  our  Experimental  Sanitary  Station  near 
Quemados,  Cuba.  We  have  thought  that  brief  reports  of  these 
caseS;  to  be  followed  by  remarks  on  experimental  yellow  fever  from 
the  clinical  point  of  view,  would  be  of  interest  to  the  members  of 
this  Association,  and  especially  to  those  who  reside  in  sections  of 
the  country  where  each  year  yellow  fever  is  liable  to  appear  in 
epidemic  form. 

Perhaps  it  might  be  well  to  recall  the  fact  that  the  cases  of  yel- 
low fever  here  to  be  recorded  were  produced  like  those  heretofore 
reported  by  us,  under  strict  quarantine  regulations  and  at  a  sj^ecial 
experimental  sanitary  station. 

In  the  series  of  twelve  experimental  cases  produced  at  this  camp 
during  the  period  from  December  5,  1900,  to  February  7,  1901 — 
an  interval  of  sixty-five  days — it  should  be  borne  in  mind  that  the 
order  of  occurrence  exactly  corresponded  with  the  order  of  inocula- 
tion, except  that  Case  II. — inoculated  at  4  p.m.,  December  8,  1900 
— having  a  longer  period  of  incubation  than  Case  III. — inoculated 
at  10.30  A.M.,  December  9,  1900 — the  order  of  their  relative  occur- 
rence became  reversed.*      Moreover,  the  attack  always  followed 

1  The  Etiology  of  Yellow  Fever.    An  Additional  Note.    Read  at  the  Pan- American  Congress, 
Havana,  Febmary  4-7, 1901. 
*  These  cases  were  reported  in  our  Additional  Note . 


46  REED,  CARROLL    AND    AGRAMONTE, 

within  the  period  of  incubation  of  the  disease^  and  concerned  only 
those  non-immune  individuals  who  had  consented  to  submit  them- 
selves for  experimentation.  Of  a  total  of  sixte^i  individuals  who 
thus  consented,  fourteen  contracted  yellow  fever ;  whereas  of  five 
non-immuneSy  who  did  not  consent  and  were  therefore  not  subjected 
to  experimentation,  none  acquired  the  disease,  although  otherw  ise 
placed  under  exactly  similar  surroundings.  In  its  occurrence,  there- 
fore, at  this  station  yellow  fever  strictly  obeyed  the  behests  of  the 
experimenters,  both  as  to  place  and  time  of  occurrence.  Recovery 
took  place  in  all  cases. 

(A)  Oasea  Produced  by  the  Injection  of  Blood, 

Case  I. — W.  J.,  American,  non-immune,  aged  twenty -seven  years,  in 
quarantine  since  December  20,  1900,  with  his  full  consent  at  11  a.m., 
January  4, 1901,  was  injected  subcutaneously  with  2  c.c.  of  blood  taken  from 
the  general  circulation  of  a  case  of  mild  yellow  fever  at  the  beginning  of  the 
second  day  of  the  disease,  and  having  a  temperature  of  100.8^  F.  The  sub- 
ject, who  had  been  in  strict  quarantine  at  this  station  for  the  period  of  forty- 
five  days,  remained  in  his  usual  health  until  the  early  morning  of  January 
8th,  when  he  complained  of  slight  frontal  headache.  At  6  a.m.  his  tem- 
perature was  98.2°  F.  and  pulse  70.  At  9  a.m.,  temperature  99.8°  F.,  pulse 
95  ;  frontal  headache  increased,  with  slight  chilly  sensations  in  the  feet  and 
lower  extremities.  There  was  some  congestion  of  the  eyes,  and  his  usual 
florid  complexion  was  heightened  in  color.  At  10.15  a.m.,  temperature 
100.6°  F.,  pulse  97 ;  complains  of  some  pains  in  the  lumbar  region.  At 
11.20  A.M.,  temperature  101.4°  F.,  pulse  99.  The  height  of  the  febrile 
paroxysm  was  reached  at  3  p.m.  the  same  day,  when  the  temperature  was 
103.4°  F.  and  pulse  108.  The  facial  expression  was  now  characteristic  of 
yellow  fever.  The  eyes  were  deeply  injected  and  watery,  and  the  face  much 
suffused.  Photophobia  moderate ;  frontal  headache  and  backache  severe. 
The  skin  was  moist.  The  remission  occurred  at  the  end  of  twenty-four 
hours — 9  A.M.,  January  9th — when  the  temperature  had  fallen  to  99.4°  F. 
and  the  pulse  to  86.  The  subsequent  history  was  that  of  a  case  of  yellow 
fever  of  moderate  severity.  Albumin  was  found  in  the  urine  at  the  end  of 
the  sixty-first  hour.  There  was  some  bleeding  from  the  gums  on  the  third 
day,  and  moderate  ocular  jaundice  on  the  fourth  day.  Fever  disappeared  on 
the  morning  of  the  seventh  day.     (Chart  I.) 

Case  II. — W.  O.,  American,  non-immune,  aged  twenty-eight  years,  in 
quarantine  since  December  20,  1900.  On  January  8,  1901,  at  9  p.m.,  with 
his  full  consent,  he  was  given  by  subcutaneous  injection  1.5  c.c.  of  blood 
taken  from  the  median-cephalic  vein  of  Case  I.  just  twelve  hours  after  the 
beginning  of  the  attack  and  when  the  temperature  was  102.4°  F. — that  is, 
just  after  the  first  febrile  paroxysm  had  begun  to  decline.  The  subject 
remained  in  his  usual  condition  during  the  following  two  days. 
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Janosiy  II,  1901,  at  6  a.m.,  hia  temperature  was  98.8°  F.  and  pube  70. 
Ha  complained  of  being  disturbed  bj  dreuna  during  the  night  and  had  some 
froQtal  headache.    At  9  a.m.,  temperature  109°  F.,  pulse  77.    At  10.15  a.m., 
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temperature  101.4°  P.,  pulee  76  ;  eyes  decidedly  congested  and  face  moder- 
atelj  euftuaed.  At  12  o'clock  noon,  when  the  temperature  had  risen  to 
103.2°  P.,  and  the  pulse  to  102,  the  height  of  the  primary  paroxysm  had  been 
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reached.  Headache  and  baclcache  were  now  much  complained  of.  The 
facial  expression  waa  characterislic.  The  remission  occurred  at  the  end  of 
twenty-four  hours,  lasted  one  daj,  and  was  followed  hj  a  veiy  moderate 
secondary  fever.  A  distinct  trace  of  albumin  was  found  in  the  urine  passed 
at  2  A.M.  January  12th,  seventeen  boure  after  the  attack  began.     A  few 
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hyaline  casts  were  also  present.  Slight  bleeding  from  the  g^ims  occurred 
on  the  second  and  third  days  of  sickoess.  The  character  of  the  attack  in 
this  case  was  very  mild.  The  albumiu,  which  at  no  time  amounted  to  more 
than  a  distinct  trace,  did  not  disappear,  however,  until  January  24tb. 
(Chart  ir.) 
,  Case  III.— W.  F.,  American,  non-immune,  aged  twenty -three  years,  was, 
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with  hiB  full  consent,  at  1  p.m.,  January  22, 19ui,  injected  subcutaneouelf 
with  0.5  c.c.  ot  blood  taken  on  the  second  day  from  the  general  circulation 
of  a  severe  case  of  yellow  fever,  which  wis  fatal  on  the  seventh  day  of  tlie 
disease.  The  patient's  temperature  when  the  blood  was  withdrawn,  was 
103°  F.  and  pulac  90.     The  subject  remained  well  during  the  following  day. 
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Jannar;  24th,  at  ft  A.M.,  his  temperature  was  98.4°  F.,  and  pulse  78.  He 
partook  of  a  hearty  breakfast  at  6.30  a.m.,  which  he  vomited  soon  after- 
ward. At  7  A.M.  he  complained  of  dizEineas  and  general  lassitude.  Tem- 
perature 98.4°  F.,  pulse  78.  At  9  A.M.  chillineas  complained  of,  but  there  is 
no  record  of  temperature  or  pulse.  At  9.30  a.m.,  temperature  lOO.e"  F,, 
pulse  82 ;  frontal  headache  well  marked.  Eyes  already  injected  and  face 
AmPbTs  4 
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slightly  suffused.  At  10.30  a.m.,  temperature  101.2°  F.,  pulse  86.  An 
hour  later  his  temperature  was  102.6°  F.  and  pulse  82.  The  height  of  the 
primary  paroxysm  was  reached  at  1  p.m.,  when  the  temperature  was  102.8°  F. 
and  pulse  98.  At  this  hour  photophobia  was  well  marked  and  constant 
complaint  made  of  severe  frontal  headache  and  backache,  together  with 
pains  in  the  lower  extremities.  The  skin  was  moist.  The  remission 
occurred  at  the  end  of  thirty-six  hours.  The  subsequent  course  was  that  of 
a  case  of  yellow  fever  of  moderate  severity.  With  the  return  of  the  second- 
ary fever  there  were  present  sharp  backache  and  headache.  Albumin 
appeared  in  the  urine  at  the  end  of  fifty-seven  and  a  half  hours.  Ocular 
jaundice  was  present  on  the  third  day  and  thereafter  until  convalescence. 
The  gums  did  not  bleed,  although  they  were  swollen  and  injected.  Fever 
subsided  on  the  sixth  day,  and  albumin  disappeared  on  the  eighth  day. 
(Chart  III.) 

Case  IV. — J.  H.  A.,  American,  non-immune,  aged  twenty-two  years, 
with  his  full  consent  received  subcutaneously  at  12.15  p.m.,  January  25, 
1901,  1  c.c.  of  blood  taken  from  the  median  cephalic  vein  of  Case  III.  just 
twenty-seven  and  a  quarter  hours  after  the  commencement  of  the  latter' s 
attack  of  yellow  fever  (temperature  100.6°  F.).  The  subject  remained  in  his 
usual  condition  during  January  26th  and  27th,  except  that  on  the  afternoon 
of  the  last-mentioned  date  he  complained  of  occipital  headache.  This  was 
present  on  the  following  morning,  January  28th ;  otherwise  he  felt  well. 
His  temperature  at  noon  was  98.6°  F.,  and  pulse  68.  Occipital  headache 
continued.  He  partook  of  a  dinner  with  fair  appetite.  He  was  not  seen 
again  until  3  p.m.  In  the  meanwhile,  at  1.15  p.m.,  the  subject  states  that 
while  sitting  alone  in  his  tent  he  began  to  feel  cold,  and  that  this  was  quickly 
followed  by  a  decided  chill  with  increase  of  headache.  He  noted  the  hour 
in  writing  at  the  time.  At  3  p.m.  his  temperature  was  103.6°  F.  and  pulse 
120.  The  eyes  were  intensely  congested  and  the  face  deeply  suffused.  The 
patient  was  very  festless  and  complained  bitterly  of  occipital  headache  and 
backache.  Photophobia  was  very  marked.  He  vomited  several  times 
within  the  next  two  hours  ;  skin  hot  and  dry.  The  height  of  the  primary 
paroxysm  was  reached  at  8.30  p.m.,  at  which  hour  the  temperature  was 
104.2°  F.  and  pulse  120.  The  subsequent  history  was  one  of  severe  yellow 
fever.  There  was  no  remission  in  the  fever  until  the  fourth  day,  when  the 
temperature  fell  to  101.2°  F.  Now,  for  the  first  time  the  patient  ceased  to 
complain  of  occipital  headache  and  backache.  Albumin  appeared  at  the 
end  of  eighteen  and  a  quarter  hours  (7.30  a.m.,  January  29th).  A  few 
hyaline  casts  were  also  present  at  this  time.  The  specimen  of  urine  passed 
at  6.40  A.M.  January  30th  contained  albumin  one-twentieth  by  volume  and 
many  fine  and  coarse  granular  bile-tinted  casts.  Ocular  jaundice  appeared 
on  the  third  day.  The  skin  of  the  face  and  of  the  anterior  part  of  the  neck 
and  thorax  was  tinted  on  the  fourth  day.  This  rapidly  became  intensified 
and  general.  The  secondary  fever  lasted  about  thirty  hours,  the  tempera- 
ture falling  to  97.2°  F.  at  12  o'clock  midnight  of  the  fifth  day.     Marked 
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fluctuatioDB  ot  temperature  continued  until  the  eleventh  day  of  illneea. 
Recorerf  was  slon  and  much  delayed  by  the  development  of  a  carbuncle  in 
the  left  sacral  region.  A  trace  of  albumin  was  still  present  on  March  1st, 
tbirty-two  days  after  the  attack  had  begun.     (Chart  IV.) 
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Tlie  production  of  yellow  fever  by  the  injection  of  blood  taken 
from  the  general  circulation  is  of  much  intcre.st  as  Hlio\ving,  first, 
that  the  parasite  is  present  in  tl>e  blood  at  lesist  durinj:  the  early 
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stages  of  the  disease ;  and  secondly,  that  its  [lassage  through  an 
intermediate  host,  although  this  would  seem  to  be  nature's  method, 
is  not  essential  in  the  life-cycle  of  this  parasite.  Thus,  yellow  fever 
is  analogous  to  the  malarial  fevers  in  that  it  may  be  produced  either 
by  the  bite  of  a  certain  s|)ecies  of  most^uitoes  or  by  the  injection  of 
blood  taken  directly  from  the  general  circulation. 

Another  point  to  which  we  have  elsewhere  referred,  but  which  we 
consider  of  sufficient  imjwrtance  to  here  bear  repetition,  is  that  in  each 
of  the  foregoing  cases  of  experimental  yellow  fever  pro<luced  by  the 
injection  of  blowl,  careful  cultures  made  from  the  same  blood  drawn 
from  the  vein  immediately  after  injection,  or,  as  in  one  instance, 
made  from  the  same  syringeful  of  blood  that  conveyed  the  disease, 
failed  to  show  the  presence  of  Sanarelli's  bacillus.  In  one  case 
colonies  of  staphylococcus  pyogenes  citreus  were  obtained,  while  in 
the  remaining  three  cases  no  growth  whatever  occurred.  The 
exclusion  of  the  bacillus  icteroides  from  further  considemtion  as  the 
specific  agent  of  yellow  fever  would,  therefore,  seem  to  have  been 
conclusively  determined  by  these  experiments. 

(B)  Cases  Produced  by  the  Bite  of  the  Mosquito.      Culeu:  Fasciatus, 

Case  V. — L.  F.,  American,  non-immune,  aged  twenty-eight  years,  in 
quarantine  since  December  20,  1900,  was  with  his  full  consent  at  3.30  p.m., 
January  19, 1901,  bitten  by  three  mosquitoes  that  had  been  contaminated^ 
thirty-nine  days  previously,  by  feeding  on  the  blood  of  a  well-marked  case 
of  yellow  fever  on  the  third  day  of  the  disease. 

The  subject  remained  in  his  usual  condition  of  health  until  the  afternoon 
of  January  23d.  At  noon  of  this  date  his  temperature  was  97.8°  F.  and  pulse 
72.  Soon  after  this  hour  he  took  to  his  bed,  complaining  of  frontal  headache 
and  general  lassitude.  At  3  p.m.  his  temperature  was  99.2**  F.  and  pulse  78. 
At  4.10  P.M.  the  temperature  was  100°  F.  and  pulse  104.  A  sense  of  chilli- 
ness, especially  of  the  lower  extremities,  and  increased  frontal  headache  were 
now  complained  of.  Eyes  already  injected  and  face  flushed.  At  5  p.m.  the 
temperature  was  101.2°  F.  and  the  pulse  104.  The  height  of  the  paroxysm 
was  reached  at  8.20  p.m.,  at  which  hour  the  temperature  was  103.6°  F.  and 
pulse  110.  The  eyes  were  deeply  congested  and  photophobia  very  marked. 
Headache  and  backache  were  so  intense  as  to  cause  the  patient  to  complain 
bitterly.  He  vomited  once  at  9  p.m.  January  24th,  3  a.m.,  the  temperature 
had  fallen  to  100.2°  F.  and  the  pulse  to  104,  but  w^ith  only  slight  ameliora- 
tion to  the  patient's  discomforts.  At  noon  the  thermometer  marked  102°  F. 
Remission  occurred  at  the  end  of  thirty- three  hours,  with  marked  diminution 
of  all  disagreeable  symptoms.  The  secondary  fever,  attended  by  increased 
headache  and  backache,  lasted  four  days,  the  temperature  dropping  to  nor- 
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mal  &t  S  A.M.  of  tbe  eeventh  day.     The  case  was  one  of  moderate  severity. 
AlbumiD  appeared  in  the  urine  at  the  end  of  the  forty-aecond  hour.    Ocular 
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jatmdice  was  quite  noticeable  on  the  afteraooD  of  the  aecoad  dej.  Some 
jaundice  of  the  (ace  and  anterior  region  of  the  chest  was  seen  on  the  foarth 
day.  Uanj  bile-tinted  granular  casts  were  present  in  the  urine  on  the 
third  da  J  and  thereafter  until  the  eleventh  day.  The  albumin  reached 
1/15  by  volume  on  the  sixth  day,  disappeared  on  the  twelfth  day. 
(Chart  V.)  The  subject  has  been  in  strict  iiuarantine  for  the  period  of  sixty 
days  prior  to  inoculation. 
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Cask  VI, — C.  W..  American,    non-immune,    aged    twenty-seven    years, 
ffith  his  full  consent  was  at  9.30  a.m.,  January  31, 1901,  bitten  by  two 
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of  the  three  moequitoes  that  had  been  applied  to  the  foregoing  Case  V. 
The  interval  that  had  elapsed  since  their  contamination  was,  there- 
fore, fifty-one  days.  The  subject  remained  well  until  12  o'clock  noon 
February  3d,  when  he  complained  of  heaviness  in  his  legs  and  some  supra- 
orbital pain.  His  temperature  at  this  hour  was  99®  F.  and  pulse  70.  At 
1,30  P.M.  it  had  risen  to  100°  F.,  and  at  5  p.m.  to  lOO.G''  F.  and  pulse  to  84. 
The  primary  rise  of  fever,  which  was  somewhat  fluctuating  in  character,  did 
not  reach  its  height  until  at  the  end  of  twenty-four  hours — noon,  February 
lat — when  the  temperature  was  102.4°  F.  and  pulse  92.  The  facies  was  now 
suggestive  of  yellow  fever.  Remission  occurred  at  the  end  of  forty-five 
hours  and  lasted  for  about  one  day.  The  secondary  rise  was  slight  in  char- 
acter, the  temperature  falling  to  normal  on  the  morning  of  the  sixth  day. 
The  case  was  very  mild  in  character.  Albumin  appeared  at  the  end  of 
seventy-five  hours  (beginning  of  fourth  day) ;  it  never  amounted  to  more 
than  a  distinct  trace  and  disappeared  on  the  eighth  day.  There  was  no 
ocular  jaundice,  and  although  the  gums  were  injected  and  swollen  there  was 
no  hemorrhage  at  any  time.  The  patient  perspired  freely  throughout  the 
attack.  Convalescence  was  rapid.  The  subject  had  been  in  quarantine  for 
the  period  of  six  days  prior  to  inoculation.    (Chart  VI.) 

Ca8B  VII. — J.  H.,  American,  non-immune,  aged  twenty-six  years,  in 
quarantine  since  December  20,  1900,  with  his  full  consent  was  bitten  at 
11  A.M.,  February  6,  1901,  by  the  same  two  mosquitoes  that  had,  six  days 
previously,  bitten  Case  VI.  Fifty-seven  days  had  therefore  elapsed  since 
these  insects  had  been  contaminated  by  biting  a  case  of  yellow  fever.  He 
remained  well  until  12  o'clock  noon  February  9th,  when  he  experienced 
slight  chilly  sensations,  accompanied  by  yawning.  At  this  hour  his  tem- 
perature was  99°  F.  and  pulse  72.  At  3  p.m.,  temperature  98.8°  F.,  pulse  72. 
Says  that  he  feels  out  of  sorts,  but  has  no  headache.  At  5.30  p.m.  his  tem- 
perature was  100.6°  F.,  pulse  78.  He  was  not  seen  until  7.30  p.m.,  when  he 
complained  of  backache  and  severe  general  headache,  more  intense  through 
the  frontal  region.  Eyes  much  injected,  photophobia  very  marked,  face 
flushed.  He  was  stretching  and  yawning  constantly.  Complained  of  nausea 
and  vomited  a  small  quantity  of  partially  digested  food.  The  height  of  the 
primary  fever  was  reached  at  3  p.m.,  February  10th — i.  e,,  twenty-two  hours 
after  the  commencement  of  the  attack — when  the  temperature  was  102.8°  F. 
and  the  pulse  98.  Remission  of  the  fever  to  99.4°  F.  and  pulse  to  74  occurred 
at  6  a.m.  February  11th,  making  the  duration  of  the  primary  paroxysm 
thirty-six  hours.  Twenty-four  hours  after  the  remission  had  occurred  the 
temperature  had  risen  to  102.4°  F.,  with  a  pulse  of  70.  The  fever  continued 
to  steadily  increase  until  midnight  February  12th,  when  a  temperature  of 
105°  F.  was  recorded,  with  a  pulse  of  90.  The  subsequent  course  was  that 
of  a  case  of  severe  yellow  fever.  Slight  oozing  of  blood  from  the  gums 
occurred  as  early  as  the  third  day.  Ocular  jaundice,  beginning  on  the  third 
day,  became  later  very  distinct  and  was  associated  with  general  jaundice. 
Albumin,  however,  did  not  appear  until  the  sixth  day.  The  fever  subsided 
on  the  ninth  day,  and  was  followed  by  a  slow  convalescence.     The  subject 
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had  beea  io  strict  quaraatine  for  a  period  of  seventy-eight  days  prior  to 
inocaUtion.     (Chart  VII.) 

Case  VIEI.— C.  S.,  American,  non-imniaDe,  aged  twenty-eight  years,  in 
quarantine  since  January  13, 1901,  with  his  full  consent  was  bitten  nt  2  p.m., 
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February  7, 1901,  by  three  mosquitoes  that  had  been  contaminated  sixteen 
days  previously  by  biting  a  fatal  case  of  yellow  fever  on  the  second  day  of 
the  disease.     (Chart  VIII.) 
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The  subject  remained  well  until  the  early  afternoon  of  the  third  day, 
February  10th.  He  ate  his  dinner  at  noon  with  good  appetite.  At  1  p.m. 
his  temperature  was  100°  F.,  pulse  90.  Frontal  headache  was  now  com- 
plained of.  This  became  rapidly  more  marked,  and  pains  in  the  limbs  were 
also  present.  Three  hours  later,  4  p.m.,  the  fever  had  risen  only  one -fifth 
of  a  degree,  but  at  6  p.m.  it  had  reached  103°  F.  and  pulse  96.  At  this  hour 
he  had  severe  headache  and  backache,  with  general  pains  over  the  body. 
The  facial  expression  was  now  characteristic.  Eyes  brightly  injected  ;  pho- 
tophobia well  marked,  and  face  decidedly  congested.  At  9  p.m.  temperature 
was  103.2°  F.,  and  pulse  112.  The  skin  was  moist.  Remission  occurred  at 
6  A.M.,  February  12th,  forty-one  hours  after  the  commencement  of  the  febrile 
paroxysm.  The  secondary  fever,  which  was  moderate  in  character,  lasted 
four  days,  the  fever  subsiding  on  the  seventh  day.  Ocular  jaundice  was 
slight.  A  few  hyaline  casts  were  present  on  the  third  and  subsequent  days, 
but  no  albumin  was  found  until  1  p.m.,  February  18th — that  is,  thirty-six 
hours  after  the  fever  had  subsided.  It  was  present  as  a  distinct  trace  in  all 
specimens  examined  until  3  p.m.,  February  23d.  Convalescence  was  rapid. 
The  subject  had  been  in  quarantine  for  a  period  of  twenty-five  days  prior  to 
inoculation. 

The  foregoing  cases  of  experimental  yellow  fever  (Cases  \.,  VI., 
and  VII.)  are,  we  think,  of  especial  importance  as  showing  the 
length  of  time  during  which  the  mosquito  may  remain  capable  of 
conveying  the  infection.  In  previous  papers  we  have  reported  six 
cases  of  yellow  fever  produced  by  the  bites  of  mosquitoes  at  inter\- als 
varying  from  twelve  to  twenty-four  days  after  the  contamination  of 
the  insects.  In  the  cases  here  reported  the  periods  intervening 
between  the  contamination  of  the  insect  and  the  production  of  the 
disease  were  much  longer,  viz.,  thirty-nine,  fifty-one,  and  fifty-seven 
days  respectively.  As  one  of  these  insects  lived  until  the  sixty- 
ninth  and  the  other  until  the  seventy-first  day  after  contamination, 
we  have  for  the  first  time  an  explanation  of  the  fact — several  times 
noted  in  the  literature — that  the  contagion  of  yellow  fever  may 
cling  for  several  months  to  a  building  that  has  been  vacated  by  its 
occupants,  or  to  the  infected  area  of  a  town,  even  though  this  latter 
has  been  eutirely  depopulated.  These  particular  insects,  also,  were 
contaminated  at  a  later  stage  of  the  disease  than  in  any  of  our  other 
eases — i.  <?.,  on  the  third  day  and  during  the  secondaiy  rise  of  the 
fever  following  a  complete  intermission  in  the  temperature.  We 
have,  therefore,  been  able  to  demonstrate  that  the  parasite  is  present 
in  the  general  circulation  both  after  and  before  the  stage  of  remis- 
sion.   How  much  later  in  the  disease  the  parasite  may  still  be  found 
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— a  matter  of  much  interest  and  importance — the  observations  thus 
far  made  do  not  determine.  Although  the  three  mosquitoes  applied 
on  the  third  day,  as  above  stated,  acquired  the  parasites  and  were 
able  to  infect  three  individuals  with  yellow  fever,  a  single  mosquito 
applied  to  the  same  case  of  yellow  fever  on  the  fourth  day  of  the 
disease  failed  to  obtain  the  parasite,  as  shown  by  the  negative  result 
following  its  bite  forty  days  after  contamination.  That  not  all 
mosquitoes  become  infected,  however,  with  the  parasite  by  biting 
vellow  fever  patients  is  shown  by  several  observations  made  bv  us. 
We  submit  only  one  : 

J.  W.,  American,  non-immune,  was  with  his  full  consent  on  January  25, 
1901,  bitten  by  twelve  mosquitoes — C./ascicUus — that  had  been  fed  on  a  case 
of  mild  yellow  fever — Martinez  by  name — on  January  3,  1901,  within  eight 
hours  of  the  commencement  of  the  attack.  Although  these  mosquitoes  had 
been  kept  at  summer  temperature  for  twenty-two  days,  the  result  of  the 
experiment  was  entirely  negative.  That  the  parasites  were  present  in  Mar- 
tinez's blood  at  the  end  of  twenty-four  hours  was  fully  shown  by  the  effect 
produced  by  injecting  2  c.c.  of  his  blood,  drawn  at  this  time,  beneath  the 
skin  of  Case  I.  of  this  report. 

Observations  such  as  the  foregoing  would  indicate  that  the  mos- 
quito at  certain  periods  of  the  disease  may  fail  to  obtain  the  para- 
site, owing  to  its  absence  at  that  particular  time  from  the  capillary 
circulation. 

Concerning  the  matter  of  the  propagation  of  yellow  fever  by 
other  species  of  culex  than  C  faftciatim,  we  have  only  one  negative 
observation  to  record  of  an  indiv^idual  bitten  by  five  C.  pungens  that 
had  been  contaminated  by  biting  a  case  of  yellow  fever  nineteen 
days  previously.  To  a  single  negative  experiment  such  as  this  no 
importance  can  be  given,  so  that  this  question  must  be  left  for  future 
observations  to  determine.  Touching  the  subject  of  the  possible 
transmission  of  the  parasite  to  the  daughter  insect  by  means  of  an 
infection  of  the  ovum,  we  have,  also,  but  a  single  observation  to 
record.  In  this  case  the  bites  of  fourteen  mosquitoes,  hatched  from 
the  ova  of  a  mosquito— (7./a.^c/a/M^ — that  had  already  shown  itself 
capable  of  conveying  the  disease,  were  followed  by  an  entirely  nega- 
tive result. 

Including  the  cases  heretofore  reported  by  us,  we  have  thus  far 
succeeded  in  convevine:  vellow  fever  to  twelve  individuals  bv  means 
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of  the  bites  of  contaminated  mosquitoes,  and  to  four  other  persons 
by  subcutaneous  injection  of  blood  taken  from  cases  of  this  disease 
— a  total  of  sixteen  cases.  While  ordinarily  so  small  a  number  of 
cases  would  not  be  sufficient  to  enable  one  to  arrive  at  definite  con- 
clusions concerning  the  general  character  and  course  of  an  acute 
infectious  disease,  the  conditions  under  which  the  majority  of  these 
cases  were  observed  were  such  as  to  give  us  valuable  data  concerning 
two  matters  of  very  great  practical  importance  in  connection  with 
tliis  disease,  viz. :  the  period  of  its  incubation  and  the  difference  in 
degree  in  the  character  of  its  attacks.  Further,  as  these  cases  were 
kept  under  constant  observation,  even  from  the  time  of  inoculation, 
we  are  not  only  able  to  report  upon  the  earliest  premonitory  symp- 
toms, but  also  to  give  the  primary  temperature-curve,  and,  in  addi- 
tion, to  note  the  time  of  appearance  of  albumin  in  the  urine,  all  of 
which  are  of  interest  in  the  clinical  history  of  yellow  fever. 

Period  of  Incubation,  The  accurate  determination  of  the  period 
of  incubation  of  anv  of  the  acute  infectious  diseases  is  always  a 
matter  of  scientific  interest.  If  the  disease  is  one  which,  like  yellow 
fever,  is  of  exotic  origin  and  whose  importation  is  liable  to  give  rise 
to  a  \vide-spread  epidemic,  then  the  determination  of  its  incubative 
stage  becomes  of  the  highest  practical  importance.  This  impor- 
tance, as  a  question  of  public  hygiene,  is  increased  if,  as  recent  obser- 
vations would  seem  to  indicate,  the  importation  of  this  disease  is 
brought  about  only  by  the  sick  individual  and  not  by  his  baggage 
or  clothing.  While  the  older  authors  were  willing  to  prolong  the 
period  of  incubation  of  yellow  fever  to  two  or  three  weeks  or  even 
longer,  the  tendency  of  physicians  at  the  present  time  is  to  shorten 
this  stage  to  about  five  days.  Reference  to  a  few  of  the  later  text- 
books on  the  practice  of  medicine  will  sufficiently  indicate  this. 
Davidson  in  AUbutt's  Si/steni^  puts  down  the  period  of  incubation 
as  "  ranging  between  twenty-four  hours  and  four  or  five  days." 
Stevens'^  savs  tliat  it  may  vary  from  "a  few  hours  to  a  week." 
Osler^  says  that  the  "  period  of  incubation  is  usually  three  or  four 
days,  but  it  may  be  less  than  twenty-four  hours  or  prolonged  to 
seven  days."     According  to  Tyson,*  "  yellow  fever  has  a  period  of 

»  A  System  of  Medicine,  London,  1897,  vol.  il.  p.  394. 
*  Practice  of  Medicine,  Philadelphia,  1898,  p.  286. 
3  The  Practice  of  Medicine,  New  York,  1899,  p.  185. 
<  Practice  of  Medicine,  Philadelphia,  1900.  p.  85. 
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incubation  of  from  twenty-four  hours  to  five  days,  very  rarely 
exceeding  the  latter."  Sternberg*  says  that  this  period  "  does  not 
usually  exceed  four  or  five  days,  and  may  be  less  than  twentj'^-four 
hours."  Carter,*  in  a  recent  valuable  paper,  gives  the  results  of 
his  studies  on  the  period  of  incubation  of  yellow  fever,  based  on 
observations  extending  over  a  considerable  number  of  years.  Under 
Class  III.  of  his  observations,  which  are  the  most  valuable,  he 
includes  "  those  persons  who,  living  in  a  clean  environment,  go  into 
an  infected  one,  stay  only  a  short  time,  and  then  return  to  a  clean 
environment,  where  they  remain  until  the  fever  develops."  Of 
twelve  cases  thus  accurately  observed  by  himself  the  incubative 
stage  is  as  follows : 


2  cases  with  8  days'  incubation. 
6      "        "     8+  '* 

1      ••        "     4J 
1      "        "     6if 
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The  following  table  gives  the  result  of  our  observations  in  sixteen 
cases  of  experimental  yellow  fever : 

Table  I.— Pebiod  of  Incubation  of  Experimental  Yellow  Fever. 
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^r^       .Ma                       1      aI 

Method  of  inocu- 

Date of  commencement 

' 

Date  of  inoculation. 
2  p.  M.,     Aug.  27,  1900 

lation. 
Mosquito. 

of  attack. 
9a.x.,      Aug.  81, 

8< 

[D 

la 

cubation. 

1 

1900 

ys  7  houn. 

2 

11A.X.,     Aog.  81, 

it 

1  P.X.,      Sept.  6, 

t. 

6 

2     " 

3 

2  P.M.,     Dec.    5, 

«i 

11.80  p.  X.,  Dec.    8, 

It 

3 

9H  •• 

4 

4  P.M..     Dec.    8, 

li 

9A.X.,     Dec.  14, 

it 

5 

17      •• 

5 

10.80  A.  M.,  Dec.   9, 

if 

II 

9.30  p.  X.,  Dec.  12, 

ii 

3 

1»S  " 

6 

4J0P.M.,  Dec.  11, 

t( 

12  M.,         Dec.  15, 

it 

8 

7 

12  X.,         Dec  71, 

ii 

11  A.  X.,     Dec.  25, 

it 

3 

28      ♦• 

8 

11  A.  X.,      Dec.  80, 

•t 

g. 

1U.80  A.  M.,  Jan.    3, 

1901 

3 

22»^  •* 

9 

11  A.  X.,     Jan.    4, 

1901 

Blood  ii^ection. 

9  a.m.,      Jan.   8, 

«• 

3 

'    22      •• 

10 

9  p.  X.,     Jan.    8, 

i« 

it          it 

9a.x.,      Jan.  11, 

i( 

2 

'    12      •• 

11 

8.80  p.m.,  Jan.  19, 

ti 

Mosquito. 

3  p.m.,      Jan.  23, 

it 

8 

2S%  •• 

12 

1  p.  X.,      Jan.  22, 

it 

Blood  Injection. 

9  A.  X.,      Jan.  24, 

it 

1 

19      '• 

18 

12.16  p.  X..  Jan.  25, 

ti 

<<          it 

1.15  p.m.,  Jan.  28, 

(t 

3 

1       •• 

14 

9.80  A.M.,  Jan.  81, 

ii 

Mosquito. 

12  X.,         Feb.   8, 

II 

8 

2%" 

15 

11  A.  X..     Feb.   6, 

it 

ti 

5 P.M.,      Feb.   9, 

ti 

3 

.      6      " 

16 

2P.X.,      Feb.   7, 

•• 

•• 

12  X.           Feb  10. 

ti 

2 

'    22      '• 

The  average  period  of  incubation  of  these  sixteen  cases,  embraced 
in  Table  I.,  will  be  found  to  be  eighty-seven  and  one-quarter  hours,  or 


1  Buck's  Reference  Handbook  of  the  Medical  Sciences.  1889,  vol.  viil.  p.  58. 

-  The  Period  of  Incubation  of  Yellow  Fever,  New  York  Medical  Record,  March  9, 1901. 
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three  days,  fifteen  and  one-quarter  hours.  If  we  separate  the  twelve 
mosquito  infections  from  the  four  cases  produced  by  the  injection 
of  blood,  we  have  for  the  former  a  period  of  incubation  of  ninety- 
four  hours,  or  three  days  and  twenty-two  hours,  and  for  the  latter 
an  incubative  stage  of  sixty-seven  and  a  half  hours,  or  two  days, 
nineteen  and  a  half  hours.  The  average  period  of  incubation,  there- 
fore, in  the  cases  brought  about  by  subcutaneous  injection  of  blood 
was  shorter  by  twenty-six  and  a  half  hours  than  those  occasioned 
by  the  mosquito's  bite.  By  the  former  method  this  stage  varied 
from  forty-three  hours  to  ninety-four  hours,  while  in  the  mosquito 
mf ections  the  shortest  incubative  period  was  seventy  and  the  longest 
one  hundred  and  forty-six  hours.  If  we  accept  those  cases  pro- 
duced by  the  mosquito's  bite  as  the  usual  method  of  propaga- 
tion of  this  disease,  it  will  be  observed  that  of  the  twelve  cases 
one  occurred  on  the  third  day ;  nine  on  the  fourth  day ;  one  on 
the  sixth  day,  and  one  at  the  beginning  of  the  seventh  day  after 
incubation. 

While  our  results,  therefore,  confirm  the  statement  of  later  writers 
that  the  period  of  incubation  of  yellow  fever  does  not  usually  exceed 
four  or  five  days,  they  also  seem  to  indicate  very  plainly  that  tliis 
stage  may  be  prolonged  more  frequently,  perhaps,  than  had  been 
supposed. 

In  16.6  per  cent,  of  our  cases  the  period  of  incubation  exceeded 
the  usual  quarantine  period  of  five  days.  If  we  add  Carter's  cases 
to  those  observed  by  us  we  find  that  of  twenty-four  cases  the  period 
of  incubation  exceeded  five  days  in  three,  or  12.5  per  cent.  We 
will  not  further  dwell  on  this  subject  than  to  remark  that  Cases  2 
and  4  of  Table  I.  could  have  passed  quarantine  on  the  morning 
of  the  sixth  day  after  inoculation,  with  a  clinical  thermometer  under 
the  tongue,  without  exciting  any  suspicion  by  reason  of  the  presence 
of  fever. 

Character  of  the  Attach  We  desire  to  call  attention  particularly 
to  the  difference  in  the  degree  of  sev^erity  of  the  attack  as  shown  by 
our  experimental  cases.  Like  all  of  the  other  acute  infectious  dis- 
eases, we  have  reason  to  expect  that  yellow  fever  will  affect  different 
individuals  according  to  their  individual  susceptibilities,  and  hence 
that  WQ  will  encounter  mild  as  well  as  severe  cases.  The  results 
which  we  have  obtained  confirm  this  expectation.     Based  upon  the 
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character  of  the  attack,  the  twelve  cases  due  to  mostjuito  inoculation 
mav  be  divided  as  follows : 

Severe 2 

Moderately  severe 6 

Mild 3 

Very  mild 1 

12 

The  four  cases  produced  by  the  injection  of  blood  gave  the  fol- 
lowing result : 

Severe        1 

Moderately  severe 2 

Mild 1 

4 

Thus  the  cases  which  were  mild  or  very  mild  in  character  consti- 
tuted 33  per  cent,  of  those  infected  by  the  mosquito's  bite,  and  25 
per  cent,  of  those  produced  by  blood  injection.  It  is  to  the  diag- 
nosis of  the  former  cases  that  we  desire  to  direct  especial  attention. 
To  one  familiar  with  yellow  fever,  or  even  to  one  unfamiliar  with 
its  clinical  features,  the  diagnosis  of  our  severe  and  moderately 
severe  cases  should  have  presented  no  difficulty.  The  sharp  head- 
ache and  backache,  the  characteristic  facies,  the  ocular  jaundice, 
together  with  the  presence  of  albumin  in  the  urine,  except  in  one 
case  to  be  hereafter  referred  to,  with  the  negative  result  of  a  blood 
examination,  would  have  been  a  sufficient  complex  of  symptoms  to 
have  rendered  the  diagnosis  tolerably  certain.  Even  in  our  three 
"  mild  "  cases,  were  the  physician  on  his  guard  and  acquainted  with 
the  temperature- curv'e  and  pulse  from  the  very  onset  of  the  attack, 
and,  beside,  careful  in  the  testing  of  each  specimen  of  urine  passed, 
a  diagnosis  of  yellow  fever  could  have  been  made  with  reasonable 
probability.  We  believe,  however,  that  in  the  ordinary  course  of 
events,  where  there  was  no  reason  to  suspect  the  presence  of  yellow 
fever,  the  average  practitioner  would  have  probably  failed  to  appre- 
ciate the  true  nature  of  these  attacks.  Such  was  the  admission 
which  we  ourselves  were  compelled  to  make,  although  in  constant 
attendance  and  thoroughly  acquainted  with  these  cases  from  their 
very  banning.     The  short  duration  of  the  primary  fever,  in  one 
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instance,  the  rapid  amelioration  of  the  earlier  symptoms  in  all,  the 
absence  of  albumin  during  the  first  three  days,  or  its  presence,  as  a 
mere  trace  in  certain  specimens  of  urine,  followed  by  its  absence  in 
succeeding  specimens  ;  the  slight  icteroid  hue  of  the  conjunctiva — 
to  be  obtained  only  in  a  certain  light  and  then  doubtfully — all  served 
to  render  a  positive  diagnosis  exceedingly  difficult.  Several  physi- 
cians who  saw  these  milder  cases  at  our  request  readily  acknowledged 
the  improbability  of  a  correct  diagnosis  being  made  bi  the  absence 
of  the  complete  data  which  we  were  able  to  furnish  concerning 
them.  In  the  one  case  which  we  have  classed  as  "  very  mild  "  yel- 
low fever  we  believe  that  the  matter  of  a  correct  diagnosis  would 
have  been  in  the  highest  degree  improbable.  The  attack  consisted 
of  a  single  paroxysm  of  thirty-three  hours'  duration,  during  which 
the  temperature  only  reached  101°  F.  for  a  period  of  six  hours.  It 
is  true  that  albumin  was  foimd  in  the  urine  at  the  end  of  thirty- 
seven  hours,  but  the  quantity  was  exceedingly  small  and  only  to 
be  detected  by  the  most  delicate  testing.  It  was  only  present  in  one 
of  the  two  specimens  passed  on  the  third  day.  A  slight  trace  was 
present  in  a  specimen  passed  at  9  a.m.  of  the  fourth  day  and  in  that 
passed  at  4.40  p.m.  of  the  fifth  day.  Intervening  specimens  of  urine, 
several  in  number,  contained  no  albumin.  A  well-marked  papular 
eruption,  which  appeared  on  the  fourth  day  of  the  disease,  and 
which  was  confined  to  the  trunk  and  arms,  would  hardly  have  ren- 
dered the  diagnosis  easier.  We  suppose  that  during  the  prevalence 
of  an  epidemic  of  yellow  fever  a  physician  who  was  thoroughly 
acquainted  with  the  several  types  of  this  disease  would  probably 
class  this  case  as  one  of  extremely  mild  yellow  fever,  with  a  wide 
margin  for  doubt.  Under  all  other  circumstances  we  feel  confident 
that  cases  of  this  character  would  escajie  diagnosis.  That  cases  of 
mild  yellow  fever  may  and  do  serve  as  foci  for  the  development  of 
other  cases,  our  own  observations  demonstrate,  since  we  have  been 
able  to  propagate  the  disease  from  one  such  mild  case  by  means  of 
the  bites  of  contaminated  mosquitoes,  and  from  another  case  of  like 
character  by  the  subcutaneous  injection  of  2  c.c.  of  blood. 

The  Onset  and  Premonitory  Symptoms.  Of  the  twelve  cases  pro- 
duced by  mosquito  inoculation,  the  onset  was  sudden  in  two  and 
gradual  in  ten.  In  both  of  the  former  the  attack  occurred  during 
the  night,  the  patient,  also,  in  both  instances  being  awakened  by 
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the  occurrence  of  a  decided  chill.  In  one  of  the  two  cases  of  sudden 
onset  the  subject  complained  of  slight  supraorbital  headache  during 
the  afternoon  preceding  the  attack.  Of  four  cases  produced  by  the 
injection  of  blood  the  onset  was  sudden  in  one — the  only  case 
marked  by  a  chill — ^and  gradual  in  three.  The  attack  in  all  of 
these  blood  cases  began  during  the  daytime.  As  writers  generally 
state  that  in  yellow  fever  the  chances  of  infection  are  greater  during 
the  nighty  we  have  thought  that,  perhaps,  the  time  of  inoculation  of 
our  experimental  cases,  which  was  during  the  day  (except  in  one 
instance),  might  have  had  some  influence  upon  their  occurrence,  as 
a  rule,  during  the  daytime.  If  the  hour  of  inoculation  in  all  of  our 
cases  should  have  taken  place  at  about  sunset,  then  with  the  same 
period  of  incubation  seven,  or  43  per  cent.,  would  have  experienced 
their  attacks  at  night. 

Of  the  thirteen  cases  in  which  the  onset  was  gradual — ^by  mos- 
<[uito  inoculation,  10;  by  blood  injection,  3 — frontal  headache, 
the  pain  being  referred  to  the  supraorbial  region,  and  extending 
into  the  temporal  region,  was  the  most  frequent  premonitory  symp- 
tom. It  was  present  in  ten  and  absent  in  three  cases.  This  symptom 
preceded  the  attack  in  these  cases  at  inter\'als  varying  from  two  to 
forty-eight  hours.  In  two  cases  no  premonitorj'  headache  was  com- 
plained of,  while  in  one  case  occipital  headache  preceded  the  onset 
by  twenty-four  hours  and  continued  to  be  of  this  character  through- 
out the  attack.  Dizziness  was  complained  of  by  three  of  the  grad- 
ually developing  mosquito  cases,  and  a  sense  of  weight  in  the  lower 
extremities  by  two  others  belonging  to  this  group.  All  of  the  cases 
of  gradual  onset  (thirteen  in  number)  complained  of  lassitude  and 
want  of  appetite,  on  which  account  all  took  to  their  beds  prior  to  the 
onset  of  fever.  Ten  of  these  individuals  complained  of  slight  sen- 
sations of  chilliness — generally  confined  to  the  lower  extremities — 
at  the  beginning  of  the  attack,  while  in  three  this  symptom  was 
entirely  absent.  In  our  experimental  cases,  therefore,  frontal  head- 
ache and  muscular  debility  were  the  most  frequent  and  prominent 
premonitory  symptoms.  After  the  attack  had  developed  the  symp- 
toms corresponded  to  those  described  at  length  by  various  writers 
and  \vith  which  all  are  familiar— except  that  black  vomit  did  not 
occur  in  any  of  our  cases. 

The  Fever.     As  we  have  prej^ared  charts  of  our  several  cases  of 
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experimental  yellow  fever,  from  which  all  the  data  concerning  tem- 
perature and  pulse  can  be  obtained,  it  will  not  be  necessary  for  us 
to  make  extended  remarks  under  this  heading.  Medication  being 
practically  nil  in  our  cases,  both  temperature-curve  and  pulse  can  be 
accepted  as  faithfully  representing  what  normally  takes  place  in  an 
attack  of  this  disease.  Where  ice-water  enemata  or  cold  sponge 
baths  were  used  by  the  attending  physician  this  is  noted  on  the 
chart.  It  should  also  be  remembered  tliat  our  patients  w^ere  put  to 
bed  at  the  very  first  manifestation  of  the  disease,  and  carefully 
transported  to  the  yellow  fev^er  wards  on  the  very  same  beds  which 
they  had  occupied  in  camp.  This  probably  had  some  effect  upon  the 
subsequent  course  of  the  fever.  The  record  of  temperature  taken 
every  tliree  hours  from  the  time  of  inoculation  enables  us  to  give 
the  complete  curvas  of  both  the  primarj'  and  secondary  febrile 
paroxysms.  Our  charts,  therefore,  differ  considerably  from  those 
given  by  the  various  writers  on  yellow  fever  in  that  they  round 
out,  as  it  were,  the  primary  stage  more  fully.  An  examination  of 
these  charts  will  show  that  although  the  primary  rise  of  temperature 
is  tolerably  abrupt  and  reaches  its  height  within  a  comjjaratively 
short  time,  it  does  not  reach  its  maximum  so  quickly  as  the  descrip- 
tion of  writers  would  seem  to  indicate.  The  tri-hourlv  record  in 
ten  of  our  mosquito  inoculations  shows  that  this  period  of  primary 
rise  varies  from  twelve  to  twenty-four  hours.  In  three  cases  it  was 
twelve  hours ;  in  two,  fifteen  hours ;  in  one,  fifteen  and  a  lialf 
hours ;  in  one,  twenty  and  a  half  hours  ;  in  one,  twenty-two  and  a 
half  houi*s,  and  in  two,  twenty-four  hours.  The  average  period 
for  the  ten  cases  was,  therefore,  a  fraction  over  sixteen  hours. 

In  striking  contrast  to  these  was  the  short  period  of  the  primary 
rise  of  temperature  in  the  four  cases  produced  by  blood  injection. 
In  these  it  varied  from  two  and  a  quarter  to  nine  hours,  the  remain- 
ing two  cases  giving  six  and  seven  hours  respectively,  the  average 
for  the  four  cases  being  only  six  hours.  In  all  of  the  twelve  cases 
due  to  mosquito  inoculation  the  primary  rise  of  temperature  was 
followed  by  a  distinct  remission  or  intermission  w'hich  was  generally 
reached  witliin  forty-eight  hours.  The  same  remission  was  present 
in  three  of  the  four  cases  produced  by  blood  injection.  We  are 
able  to  give  the  duration  of  the  primar}-  paroxysm  accurately  in  the 
ten  cases  produced  at  Camp  Lazear  by  the  bites  of  mosquitoes,  viz. : 
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1  case 33  hours. 

1  " 33J  •' 

1  " 36  " 

1  " 39  " 

1  " 41  " 

3  cases 46  '* 

1  case 62  " 

1  " 60  '* 

The  average  duration  of  these  ten  cases  was  forty-three  hours. 
In  the  three  cases  caused  by  the  injection  of  blood  the  length  of  the 
primary  paroxysm  was  twenty-four  hours  in  two  cases  and  thirty- 
six  hours  in  one  case — the  average  being  twenty-eight  hours.  We 
may^  therefore,  say  that  not  only  the  average  period  of  incubation, 
but  also  the  primary  rise  of  temperature,  as  well  as  the  length  of 
the  first  febrile  stage,  were  all  shorter  in  the  cases  produced  by  blood 
injection  than  in  those  due  to  the  mosquito's  bite.  Of  the  twelve 
cases  due  to  the  latter  mode  of  inoculation,  the  first  febrile  stage 
was  followed  by  an  intermission  in  tw^o  and  a  remission  in  ten  cases. 
Of  those  produced  by  the  injection  of  blood,  three  showed  a  distinct 
remission  and  one  no  intervening  fall  of  temperature.  The  duration 
of  this  intermission  varied  from  three  to  twenty-seven  hours.  This 
was  followed  by  a  second  febrile  stage  or  paroxysm  in  eleven  of  the 
twelve  mosquito  inoculations,  and  in  three  of  the  four  cases  due  to 
injection  of  blood.  The  duration  of  this  second  febrile  paroxysm 
was  from  two  to  five  days. 

Experimental  yelloAv  fever,  then,  as  we  saw  it  at  Camp  Lazear, 
consisted  of  a  primarj-  and  secondary  febrile  paroxysm  with  an 
intervening  remission  or  intermission — more  frequently  the  former. 
The  secondary  was  much  longer  than  the  primary  febrile  stage. 

In  one  of  our  mosquito  inoculations  a  relapse  occurred  on  the 
ninth  day  of  the  disease,  and  was  cliaracterized,  also,  by  two  febrile 
stages  with  an  intervening  remission.  There  were  present  headache 
and  backache,  with  injection  of  the  eyes  and  face,  together  with  hem- 
orrhage from  the  gums,  as  had  been  observed  in  the  primary  attack. 

The  want  of  correlation  between  temperature  and  pulse  (Faget's 
law),  upon  which  clinicians  rely  as  an  important  diagnostic  sign,  was 
seen,  as  a  rule,  in  our  experimental  cases — /.  e.,  after  the  passage  of 
the  first  febrile  stage.  In  one  case  produced  by  the  injection  of 
blood  Faget's  law  was  not  complied  with. 
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The  Urine.  We  have  confined  our  examination  of  the  urine 
largely  to  testing  for  the  presence  of  albumin  and  to  the  ordinary 
microscopic  examination  of  this  fluid.  Heat  and  nitric  acid  was  the 
method  used  in  all  cases  for  the  detection  of  albumin,  the  specimen 
having  first  been  carefully  filtered. 

Under  this  heading  we  desire  to  speak  only  concerning  the  pres- 
ence of  albumin.  All  writers  dwell  on  the  importance  of  a  careful 
examination  of  the  urine  in  suspicious  cases  of  fever,  since  the 
presence  of  albumin  in  the  urine  is  such  a  constant  sign  in  yellow 
fever.  Guit^ras,  who  has  had  a  large  experience  with  this  disease, 
says  :  "  The  albumin  appears  in  the  urine  usually  on  the  third  or 
fourth  day  of  the  disease.  It  may  be  very  transient.  In  many 
mild  cases  the  albumin  is  present  only  in  the  urine  passed  in  the 
evening  of  the  third  or  fourth  day.  In  many  cases  it  is  only  a 
trace."  We  may  say  that  the  results  obtained  from  an  examination 
of  the  urine  of  ex|)eri  mental  yellow  fever  accord,  for  the  most  part, 
with  the  statement  above  quoted. 

In  our  earlier  cases  we  did  not  examine  for  albumin  until  the 
onset  of  the  attack.  In  our  last  eight  cases  (those  embraced  in  this 
report)  we  examined  daily  specimens  from  the  time  of  inoculation 
until  the  attack  began,  and  thereafter  we  endeavored  to  examine 
every  specimen  passed  by  the  patient.  Table  II.  gives  the  results 
obtained : 

Table  II. 


Cases. 


1 

2 

3 

4 

5 

f. 

7 

8 

9 

10 

11 

12 

18 
14 

15 
16 


Mode  of 
inocula- 
tion. 


Mosquito. 
it 

« 

II 
ii 

II 
11 
ii 
II 
II 
ii 

Blood. 
•I 

•1 

II 


Albumin 


Time  of 


jTimeofdis- 


UDumm    -nnpr;Lnpp  appearance 
^""°«      SPSSSSn  ofalbumin 
period  of     ^ „HM^?io      dating 

peannce. 


incubation. 


None. 


.1 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


None. 

II 


II 


attack. 


42  bouni. 
25     " 
823^" 

48  " 
64  J^" 

43  " 
42  '• 
75      '* 

106     " 
None. 


10th  day. 

11th 

15th 

5th 

4th 

3d 

8th 

9th 
12th 

8th 
15th 


1 1 
I. 
•« 
II 
II 
It 
II 
II 


Maximum 
quantity. 


61  hours.  ;    13th  day. 

17     "  mh 

57     "  9th 

18)^  "  I5th 


II 
II 

II 


*'/io  by  vol. 

»/io  by  vol. 

«/in  by  vol. 

Distinct  trace. 

Light  trace. 

Distinct  trace. 
II  It 

V40  by  vol. 
V'wj  by  vol. 
Distinct  trace. 
V40  by  vol. 
'.'20  by  vol. 

Distinct  trace. 
II  II 

II  It 

Vio  by  vol. 


Remarks. 


Albumin  did  not 

appear  till  36  hours 

after  fever  had  sub- 

sided.and  persisted 

.for  5  days. 
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An  examination  of  the  cases  presented  in  this  table  will  show 
that  of  the  twelve  mosquito  inoculations  the  earliest  appearance  of 
albumin  was  at  the  beginning  of  the  second  day  in  one  case ;  during 
the  second  day  in  five ;  at  the  end  of  the  second  day  in  one ;  during 
the  third  day  in  one ;  during  the  fourth  day  in  two  ;  during  the  fifth 
day  in  one ;  while  in  one,  a  well-marked  case,  no  albumin  could  be 
detected  till  thirty-six  hours  after  the  temperature  had  reached  the 
normal — i  e.,  till  the  second  day  of  convalescence.  It  then  per- 
sisted during  five  days.  In  all  twenty-three  specimens  of  urine 
were  examined  in  this  case  during  the  six  days  of  fever,  but  with 
an  entirely  negative  result  as  regards  the  presence  of  albumin.  An 
occasional  hyaline  or  fine  granular  cast  could  be  found  in  the 
majority  of  these  specimens.  AVe  submit  this  case  of  experimental 
yellow  fever  as  one  of  especial  importance  from  the  clinical  stand- 
point, since  the  absence  of  albimiin  during  the  attack  would  have 
probably  led  to  an  error  in  diagnosis.  How  very  exceptional  such 
cases  may  be  we  have  no  means  of  knowing.* 

It  will  be  observed  that  the  quantity  of  albumin  present  in  this 
series  of  cases  was  very  moderate,  except  in  Cases  1  and  2  of 
Table  II.  These  cases  were  the  only  two  of  the  sixteen  that  were 
not  placed  in  bed  from  the  very  beginning  of  the  attack.  In  the 
remaining  fourteen,  all  of  whom  were  kept  at  absolute  rest  during 
the  whole  j)eriod  of  the  fever,  the  amount  of  albumin  was  small  in 
six  and  insignificant  in  eight.  We  are  inclined  to  believe,  therefore, 
that  both  the  course  of  the  fever  as  well  as  the  quantity  of  albumin 
were  favorably  affected  by  the  early  enforced  rest  of  our  patients. 

In  conclusion,  we  desire  to  invite  attention  to  two  matters  which 
we  consider  of  considerable  importance  in  connection  with  the  pos- 
sible importation  and  propagation  of  yellow  fever.  First,  we  believe 
that  the  facts  herewith  presented  indicate  that  the  period  of  incuba- 
tion of  yellow  fever  occasionally  exceeds  the  quarantine  period  of 
five  days,  and  that,  although  exceptional,  this  must  not  be  left  out 
of  consideration.  Secondly,  that  our  obser\'ations  emphasize  anew 
the  importance  of  the  recognition  by  the  profession  of  mild  and  very 
mild  cases  of  yellow  fever.     Guit6ras^  says  :     "  I  cannot  insist  too 

1  It  Is  of  interest  to  note  that  this  particular  IndiTldual,  two  weeks  prior  to  successAil  in- 
oculation and  while  in  quarantine,  had  an  intermittent  albuminuria  which  lasted  three  days, 
s  Report  of  the  U.  S.  Marine  Hospital  Service,  1897-98,  yol.  zxvli.  p.  300. 
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much  upon  the  importance  of  the  diagnosis  of  the  first  case  of  yel- 
low fever  in  a  locality."  He  adds :  "  Undoubtedly  the  cause  of 
the  epidemic  of  yellow  fever  is  to  be  found  in  the  introduction  into 
a  community  of  cases  that  are  not  suspected  to  be  yellow  fever/' 
In  the  light  of  our  investigations  we  feel  constmined  to  remark  that 
the  failure  to  detect  cases  of  mild  yellow  fever  has  been,  we  believe, 
the  most  important  factor  in  the  development  of  the  theory  of  the 
propagation  of  this  disease  by  fomites. 


DISCUSSION. 

1)b.  Sternberg  :  The  demonstration  of  the  method  in  which  yellow  fever 
is  transmitted  makes  clear  to  us  the  apparently  contradictory  facts  with 
reference  to  the  etiology  of  this  disease.  For  instance/  it  was  known  that 
ships  arriving  at  New  Orleans  from  Havana  without  any  cases  of  yellow 
fever  on  board  would  be  unloaded  by  stevedores,  some  of  whom  would  be 
taken  ill  with  yellow  fever  three  or  four  days  afterward,  and  in  the  course  of 
twelve  or  fourteen  days  other  cases  would  crop  up.  It  is  now  clear  why  they 
have  succeeded  in  New  Orleans  and  other  ports  in  disinfecting  such  ships  by 
sulphur  dioxide.  Supposing  the  cargo  to  be  infected  it  was  difficult  to 
understand  how  the  burning  of  sulphur  in  the  hold  could  secure  disinfection. 
It  is  easy  to  understand  now,  however,  since  we  know  that  the  infection  was 
carried  by  mosquitoes,  and  not  by  the  cargo.  As  they  were  hanging  about 
on  the  sides  and  ceilings  of  the  hold  it  was  easy  to  destroy  them  with  sulphur 
dioxide. 

Then  again,  some  of  my  own  experiences  with  yellow  fever  are  now  made 
clear  for  the  first  time.  In  1873,  while  at  Fort  Barancas^  a  ship  with  yellow 
fever  aboard  passed  the  fort,  but  there  was  no  communication  with  her. 
Within  two  weeks  several  cases  of  yellow  fever  appeared  in  different  local- 
itieii,  and  the  only  explanation  was  based  upon  the  theory  that  something 
had  washed  ashore  from  the  ship  and  lodged  on  the  beach.  There  was  a 
similar  occurrence  at  Governor's  Island  in  1870;  something  came  from  the 
ships  anchored  offshore  and  we  had  an  outbreak  of  yellow  fever.  Again  we 
thought  that  something  had  floated  ashore.  It  is  now  plain,  of  course,  that 
in  both  instances  mosquitoes  carried  the  infection  from  the  ship  to  the  shore. 
I  consider  the  experimental  demonstration  made  by  Reed  and  Carroll  as 
absolutely  complete  and  satisfactory. 

As  long  ago  as  1880,  at  Vera  Cruz,  I  attempted  to  find  out  whether  there 
was  anything  in  the  blood  of  yellow  fever  patients  that  would  give  the  disease 
to  others.  At  that  time  there  was  only  one  case  of  yellow  fever  in  the 
hospital  and  that  in  an  advanced  stage  of  the  disease.  My  assistant  drew 
from  the  patient's  circulation  a  syringeful  of  blood  and  injected  it  under 
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the  8kin  of  a  non-immune,  bat  there  was  absolutely  no  result.  I  had  demon- 
strated that  yellow  fever  could  not  be  transmitted  to  the  lower  animals  by 
blood  injections,  which  I  had  repeatedly  tried  upon  dogs,  guinea-pigs,  etc.  In 
the  blood  examinations  made  by  Guit^ras  and  myself  there  was  also  a  failure 
to  demonstrate  any  organism.  So  when  Dr.  Reed  went  to  Cuba  I  told  him 
that  one  of  the  things  to  determine  was  whether  there  was  anything  in  the 
blood  by  which  the  disease  could  be  transmitted.  By  his  very  skilfully 
conducted  experiments,  and  with  the  aid  he  received  through  General  Wood 
and  the  American  soldiers  and  others,  who  volunteered  for  the  experiment, 
he  has  demonstrated  that  there  is  something  in  the  blood  of  yellow  fever 
patients  that  conveys  the  disease  to  others. 

I  have  criticised  the  claims  of  Finley  simply  because  his  own  report  did 
not  give  support  to  his  theory.  We  can  see  now  why  he  failed,  he  did  not 
keep  his  mosquitoes  long  enough.  Keed  and  Carroll  have  shown  that  mos- 
quitoes do  not  transmit  the  disease  when  kept  only  for  two  or  three  days,  but 
that  it  requires  twelve  days  after  they  have  filled  themselves  with  blood  from 
a  yellow  fever  patient  before  they  can  communicate  the  disease  to  a  non- 
immune person. 

I  can  only  say  further  that  I  congratulate  these  gentlemen  most  heartily 
on  their  success.  It  shows  how  long  a  journey  we  must  often  take  before 
arriving  at  the  truth.  I  spent  four  long  summers  in  Cuba  and  Brazil  in 
investigations  relating  to  the  etiology  of  this  disease,  and  the  results  were 
negative,  but  perhaps  I  was  preparing  the  way  for  this  success ;  and  now  that 
the  presence  of  the  infectious  agent  in  the  blood  has  been  determined  and 
the  mode  of  transmission  demonstrated,  we  have  reason  to  believe  that  the 
parasite  will  soon  be  discovered,  unless,  indeed,  it  should  prove  to  be  ultra- 
microscopic. 

Dr.  Welch  :  I  would  like  to  say  that  the  fact  has  not  been  brought  out 
by  Dr.  Reed  this  morning  that  none  of  these  patients  died,  a  piece  of  good 
fortune,  for  these  experiments  were  undertaken  with  a  full  sense  of  respon- 
sibility. It  should  also  be  said,  and  Dr.  Reed  has  referred  to  it  elflewhere, 
that  these  young  men,  American  soldiers,  unwilliDg  to  accept  a  cent  of  pay 
for  their  services,  submitted  themselves  for  this  experimental  work,  and  I 
think  they  should  be  known  in  the  history  of  the  army  as  well  as  in  medical 
circles  as  true  heroes. 


SEPTIC   INFECTIONS   THROUGH  LESIONS   OF   THE 

STOMACH   AND  DUODENUM. 

By  WALTER  B.  JAMES,  M.D  , 

OF  NEW  YORK. 


It  is  generally  assumed  and  stated  that  septic  poisoning  rarely 
takes  place  through  lesions  of  the  stomach  and  duodenum.  Influ- 
ences that  would  operate  against  such  an  occurrence  are,  first,  the 
acidity  of  the  gastric  contents  and  the  inhibiting  eflfect  which  this 
reaction  possesses  toward  bacterial  growth  and  activity ;  and,  second, 
the  very  effective  protective  mechanism  against  the  inroads  of  bacteria 
which  is  supposed  to  reside  in  the  liver  and  to  operate  upon  any  such 
elements  that  may  find  their  way  into  the  portal  stream. 

I  leave  out  of  consideration  the  local  inflammatory  complications 
which  fairly  often  occur  in  connection  with  gastric  lesions,  such  as 
abscess  or  circumscribed  peritonitis,  and  refer  only  to  general  septic 
poisoning  without  such  definite  local  manifestations. 

The  occurrence  in  the  practice  of  the  writer  of  several  cases  in 
which  the  clinical  picture,  and  in  some  instances  the  results  of  the 
postmortem  examination,  pointed  to  the  existence  of  septicemia,  mild 
or  severe,  where  it  seemed  probable  that  the  portal  of  entry  for  the 
infecting  organisms  had  been  lesions  of  the  stomach  or  duodenum, 
attracted  attention  to  this  point  and  suggested  an  inquiry  into  it. 
The  frequency  of  cases  of  septicemia,  in  which  the  somewhat  humili- 
ating admission  must  be  made  that  they  are  of  unknown  origin  or 
cryptogenetic,  and  this  occasionally  even  after  a  careful  postmortem 
examination  has  been  made,  justifies  an  attempt  to  throw  light  upon 
even  a  small  group  of  them. 

Within  a  few  years  a  multitude  of  observations  have  established 
the  fact  that  the  bacterial  flora  of  the  stomach  is  an  extensive  and 
varied  one,  and  that  a  large  number  of  micro-organisms  may  be  found 
there  in  an  active  state  and  able  to  exhibit  their  peculiar  properties. 
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Sternberg^  many  years  ago  concluded  that  it  was  possible  for  bacteria 
taken  into  the  mouth  to  escape  the  effect  of  the  gastric  juice  and  pass 
into  the  duodenum. 

Strauss  and  Wartz^  found  that  fresh  gastric  juice  contained  many 
living  bacteria;  that  they  diminished  in  number  until  the  eighth  day^ 
after  which  no  growth  could  be  found ;  and  finally,  that  a  culture 
of  tubercle  bacilli  after  being  exposed  to  the  action  of  normal  gastric 
juice  for  six  hours  was  capable  of  producing  tuberculosis  in  guinea-pigs. 

Miller'  found  that  bacteria  could  live  for  from  six  to  eight  hours  in 
the  stomach  of  a  healthy  dog;  that  the  bacteria  swallowed  at  the 
commencement  of  a  meal  escaped  the  action  of  the  gastric  juice  and 
passed  into  the  duodenum^  but  that  of  those  taken  two  or  three  hours 
later  at  the  height  of  digestion  only  the  most  resistant  varieties  suc- 
ceeded in  accomplishing  this. 

Weiss^  says  that  many  species  of  bacteria  can  be  found  in  the 
stomach  of  a  cat  even  at  the  height  of  digestion,  and  are  then  capable 
of  exerting  their  special  influence. 

Gillespie^  finds  that  the  inhibitory  action  of  hydrochloric  acid 
commences  from  half  to  three-quarters  of  an  hour  after  a  meal ;  that 
hydrochloric  acid  combined  with  proteid  has  only  a  feeble  bacteri- 
cidal power ;  that  even  at  the  height  of  digestion  only  the  most  sus- 
ceptible micro-organisms  are  destroyed,  while  many  others  are  only 
inhibited;  that  the  former  view  that  antisepsis  was  an  important 
function  of  gastric  juice  has  now  been  definitely  disproved. 

Gushing  and  Livingood,^  in  a  recent  interesting  investigation, 
conclude  as  follows :  Probably  the  microbes  found  in  the  alimentary 
canal  have  entered  by  the  mouth  and  are  not  necessary  to  life.  Ex- 
cept the  bacillus  coli  communis,  which  they  regard  as  normal,  the 
bacteria  found  there  are  accidental  and  depend  upon  the  number  and 
varieties  introduced  with  the  food,  and  that  the  gastric  juice  is  not  an 
efficient  antiseptic,  even  at  the  height  of  digestion ;  that  some  patho- 
genic varieties,  especially  the  streptococcus  pyogenes,  readily  escape 
the  antiseptic  action  of  the  secretion.  At  the  terminal  stage  of  diges- 
tion, or  after  a  prolonged  fast,  however,  it  is  difficult  to  recover  any 
micro-organisms  from  the  mucous  membrane  of  the  stomach,  duode- 
num, or  even  jejunum,  but  that  the  number  and  variety  of  the  micro- 
organisms increase,  as  one  proceeds  along  the  intestines  until  the 
ileocecal  valve  is  reached. 
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In  a  very  recently  published  thesis  Coyon'  reports  the  results  of  a 
searching  investigation  into  the  microbial  flora  of  the  stomach.  His 
conclusions  do  not  differ  materially  from  those  given  above.  He 
isolated  thirty  varieties  of  bacteria  from  this  organ  in  an  investiga- 
tion of  the  stomach  contents  of  twenty  patients,  some  of  whom  were 
the  subjects  of  dyspeptic  troubles,  others  were  in  good  health. 

Thus  there  is  abundant  evidence  proving  that  the  stomach  and 
duodenum  practically  at  all  times  contain  large  numbers  of  the  bac- 
teria that  are  taken  with  the  food  and  in  an  active  state,  each  capable 
of  exerting  its  peculiar  influence.  We  have  present,  then,  in  this 
organ  the  conditions  needed  to  bring  about  a  septic  poisoning  should 
a  solution  of  continuity  take  place  in  the  mucous  membrane. 

Of  all  the  organs  in  the  body  none  is  more  habitually  abused  than 
is  the  stomach,  it  being  made  the  receptacle — often  the  unwilling 
receptacle — of  all  that  the  unreasonable  palate  of  its  owner  forces 
upon  it,  and  it  is  not  at  all  to  be  wondered  at  that  its  maladies  are 
so  many  and  so  frequent,  and  that  so  few  persons  escape  them  for  any 
considerable  length  of  time,  and  solutions  of  continuity  in  its  mucous 
membrane  are  so  often  met  with. 

The  recent  very  interesting  investigations  of  Adami*  and  Ford^  tend 
to  indicate  that  bacteria  are  constantly  in  health  being  taken  up  from 
the  alimentary  canal,  conveyed  to  the  liver  by  the  portal  circulation, 
and  there  destroyed  and  got  rid  of.  If  their  observations  should  be 
confirmed  they  would  throw  much  light  upon  the  problems  under 
consideration,  but  would  not  render  untenable  the  assumption  that 
occasionally  cases  of  sepsis  might  occur.  Nature  provides  us  with  a 
protective  mechanism  against  the  ravages  of  the  bacteria  that  sur- 
round us,  but  a  mechanism  that  occasionally  breaks  down  and  becomes 
ineffectual,  under  which  circumstances  septicemia  may  occur. 

There  is  a  large  amount  of  literature  bearing  upon  the  question  of 
the  penetration  of  the  normal  mucous  membrane  by  bacteria  and  the 
existence  of  micro-organisms  in  normal  organs  and  normal  blood. 
Comparatively  little  is  at  hand  upon  the  subject  of  the  entry  of 
bacteria  into  the  body  through  the  pathologic  lesions  of  the  gastro- 
intestinal tract. 

FischU^  studied  preparations  from  various  organs  of  children  that 
had  died  of  septicemia  and  marasmus,  and  demonstrated  the  presence 
of  staphylococcus  pyogenes  albus  and  streptococcus  pyogenes  through- 


SEPTIC    INFECTIONS.  75 

out  the  bodj.  The  cases  bad  suffered  from  gastroenteritis,  and  the 
author  believed  that  they  died  of  septicemia,  the  portal  of  entry  being 
the  gastrointestinal  lesion. 

Siebourg/^  in  a  dissertation  upon  cryptogenetic  septicemia,  claims 
thac  the  portal  of  entry  in  many  cases  is  the  mucous  membrane  of 
the  digestive  tract. 

The  possibility  that  severe  and  even  fatal  septicemia  may  have  its 
starting-point  in  an  erosion  or  similar  solution  of  continuity  of  the 
mucous  membrane  of  the  stomach  is  suggested  by  the  following  case : 

The  patient,  Mr.  F.,  aged  fifty-six  years,  was  seen  on  several  occasions  in 
consultation  with  Dr.  Laneheart,  of  Hempstead,  Long  Island.  He  had  been 
absolutely  healthy  and  vigorous  until  about  a  year  and  a  half  before,  when 
his  health  became  not  quite  so  good.  He  lost  a  little  strength,  looked  paler 
than  usual,  and  on  one  occasion  fainted.  There  were  a  little  nausea  and 
vomiting.  During  this  period  he  lost  about  thirty  pounds  in  weight.  No 
hemorrhage  was  noted.  He  then  began  to  improve,  and  during  the  past 
summer  his  health  had  become  much  better.  He  recovered  from  his  moder- 
ate anemia  and  looked  perfectly  well,  although  he  was  not  quite  so  strong  as 
formerly.  During  the  past  six  months  he  was  in  good  health,  leading  a 
vigorous  out-of-door  life,  riding  horseback  and  feeling  absolutely  well. 

For  about  two  weeks  before  the  onset  of  his  final  illness  he  had  not  felt 
quite  so  well  as  formerly,  but  with  no  definite  complaint. 

May  7th,  At  nine  o'clock  in  the  morning  he  had  a  chill,  following  which 
the  temperature  rose  to  104.5^.  After  this  the  temperature  was  very  irregu- 
lar, ranging  from  100.5^  to  103°.  The  pulse  was  rapid.  There  was  no  head- 
ache and  no  pain. 

^th.  In  the  afternoon  there  were  two  slight  chills,  following  which  the 
temperature  rose  to  105.5°. 

10/A.   There  is  irregular  fever,  with  excursions  ranging  from  102.2°  to  105°. 

Wth,  The  temperature  is  about  the  same  as  yesterday.  There  is  a  little 
swelling  and  edema  of  the  right  forearm  and  the  right  lower  leg.  with  yel- 
lowish discoloration  of  the  skin,  apparently  due  to  septic  thrombosis.  The 
patient  appears  weaker,  but  still  complains  of  no  pain.  There  are  no  other 
symptoms. 

12M.  Examination  of  the  blood  shows  no  increase  in  the  number  of  the 
leucocytes,  but  a  large  relative  increase  in  the  polymorphonuclear  variety. 
This  is  considered  to  indicate  an  overwhelming  septic  poisoning,  and  an 
opinion  is  given  that  he  is  sufiering  from  a  cryptogenetic  septicemia  of  great 
intensity.  There  are  no  malarial  organisms  in  the  blood.  There  is  moder- 
ate delirium,  very  rapid  pulse,  very  slight  icterus.  Temperature  is  still 
irregular  as  before,  but  the  average  is  a  little  lower. 

Physical  examination  shows  moderate  enlargement  of  the  spleen.  There 
are  no  other  evidences  of  disease  of  any  of  the  organs. 
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13/A.  He  grew  much  weaker,  became  uncoDscious,  fever  persisted,  and  in 
the  late  aAernoon  he  died. 

On  May  11th,  two  days  before  death,  a  specimen  of  blood  was  taken  from 
a  vein  under  antiseptic  precautions  and  planted  in  blood-serum  tubes.  All 
showed  pure  culture  of  one  of  the  pyogenic  bacteria. 

A  postmortem  examination  was  made  six  hours  after  death.  The  spleen 
was  much  enlarged,  soft,  pulpy,  and  deeply  congested.  The  stomach  showed 
very  moderate  dilatation ;  it  contained  a  small  amount  of  disintegrated  blood ; 
on  the  greater  curvature  at  the  junction  of  the  middle  and  distal  third  and 
projecting  into  the  cavity  was  a  bright  red  mulberry-like  tumor,  about  the 
size  of  an  Italian  chestnut,  the  surface  of  which  was  eroded  and  inflamed. 
There  were  no  peritoneal  adhesions  or  other  evidences  of  inflammation  out- 
side the  stomach.  The  other  organs  showed  only  the  usual  parenchymatous 
lesions  generally  associated  with  any  acute  infectious  disease. 

Cultures  were  taken  from  the  various  organs.  From  blood  from  the  auricles 
and  from  the  superior  mesenteric  artery  a  pure  growth  of  staphylococcus 
pyogenes  aureus  was  obtained ;  cultures  from  the  other  viscera  showed  only 
a  growth  of  lactis  aerogenes  and  bacillus  subtilis,  which  were  regarded  as 
postmortem  contaminations. 

Microscopic  examination  of  the  tumor  of  the  stomach  showed  it  to  be  an 
adenoma,  the  mucous  membrane  covering  the  surface  of  which  was  acutely 
inflamed,  eroded,  and  infiltrated  throughout  with  the  ordinary  products  of 
inflammation,  while  the  solitary  lymph  nodules  were  much  enlarged  and  in 
some  places  penetrated  the  mucous  membrane  so  as  to  reach  the  surface. 

The  occurrence  of  an  acuta  and  overwhelming  septicemia,  in  which 
the  postmortem  examination  failed  to  reveal  any  port  of  entry  for 
the  infection  excepting  the  above-mentioned  tumor  of  the  stomach, 
the  surface  of  which  was  eroded  and  acutely  inflamed,  seemed  to 
justify  the  conclusion  that  this  was  the  original  seat  of  the  infection. 

If  a  solution  of  the  continuity  of  the  gastric  mucous  membrane 
exposes  the  individual  to  danger  of  septic  absorption,  one  would 
expect  that  evidences  of  such  a  complication  would  occasionally  be 
present  in  ulcer  of  the  stomach  and  in  cancer  in  the  same  organ. 

The  occurrence  of  an  irregular  fever  of  varying  degree  and  intensity 
has  often  been  noted  in  cases  of  ulcer  of  the  stomach.  The  usual 
explanations  of  this  are  that  it  is  due  to  the  reaction  from  the  anemia 
which  follows  hemorrhage,  or  that  it  is  due  to  some  inflammatory 
complication,  such  as  localized  peritonitis  or  a  local  abscess,  or  to 
toxemia  resulting  from  the  disintegration  of  the  blood  poured  out  into 
the  intestine.  This  elevation  of  temperature,  however,  occurs  in  a 
large  number  of  cases  in  which  a  careful  study  of  the  clinical  features 
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seems  to  justify  the  exclusion  of  any  inflammatory  sequence  of  the 
lesion.  To  explain  the  fever  in  every  case  on  the  ground  of  the  loss 
of  blood  and  the  consequent  anemia  does  not  seem  altogether  satis- 
factory. It  occurs  occasionally  in  cases  where  the  hemorrhage  has 
been  only  slight  or  has  not  been  present.  It  is  absent  from  many 
of  the  cases  where  the  hemorrhage  is  very  profuse.  The  fever  is  often 
of  much  higher  grade  and  more  irregular  in  type  than  one  would 
expect  to  find  from  a  simple  moderate  loss  of  blood. 

Fenwick/^  in  his  recent  treatise  upon  the  ulcer  of  the  stomachy 
speaks  of  this  fever  as  belonging  to  the  anemia,  and  states  that  it 
occurs  most  often  and  most  markedly  in  persons  who  have  been 
previously  robust  and  in  those  who  have  bled  only  moderately.  He 
saySy  however,  that  he  has  seen  no  reason  to  believe  that  pyemia  ever 
occurs  from  absorption  through  the  base  of  a  gastric  ulcer. 

In  the  cases  of  ulcer  of  the  stomach  that  have  been  studied  by  the 
writer,  the  fever,  when  present,  has  generally  been  irregular  in  type. 
It  showed  no  characteristic  periodicity,  ranging  from  100.5°  to  106°. 
In  some  cases  there  was  a  moderate  leucocytosis.  This  was  not,  how- 
ever, believed  to  be  of  much  diagnostic  value,  as  in  most  of  the  cases 
the  existence  of  hemorrhage  would  naturally  have  given  rise  to  this 
condition.  In  several  cases  the  fever  was  of  hectic  type.  It  was 
generally  present  during  the  period  of  activity  of  the  ulcer,  and  sub- 
sided gradually,  and  entirely  disappeared  in  convalescence.  As  one 
studies  the  temperature-charts  in  these  cases  the  impression  is  ob- 
tained that  it  is  an  accidental  feature  of  the  disease  and  not  an  integral 
part  of  it. 

From  the  following  list  of  cases  all  have  been  excluded  in  which 
there  were  evidences  of  any  complicating  inflammation,  such  as  peri- 
tonitis or  abscess,  or  in  which  there  seemed  to  be  any  other  possible 
source  of  fever,  such  as  pneumonia  or  bronchitis. 

Of  eleven  cases  of  ulcer  of  the  duodenum  six  presented  an  elevation 
of  temperature.  In  three  the  fever  was  of  low  grade,  but  continued 
for  several  days ;  in  two  it  did  not  rise  above  100°;  in  one  case  to 
100.5°.  In  the  fourth  case  there  was  an  irregular  fever,  lasting  eight 
days,  as  high  as  102.6°.  The  leucocyte  count  was  on  one  occasion 
12,000,  on  another  20,000.  This  patient  died.  The  autopsy  showed 
an  ulcer  of  the  duodenum.  There  was  no  recent  peritonitis  or  evi- 
dence of  local  inflammation.     There  was  a  small  superficial  abscess  in 
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one  kidney,  which  was  thought  to  be  metastatic.  In  another  case 
there  was  a  continued  irregular  fever  as  high  as  102.6^,  lasting 
several  days,  and  going  on  to  recovery. 

One  hundred  and  seventeen  cases  of  ulcer  of  the  stomach  were 
studied.  Of  these,  thirty-three  showed  a  tolerably  marked  irregular 
febrile  movement,  the  temperature  in  all  reaching  as  high  as  101^. 
In  fourteen  cases  the  temperature  reached  102^.  A  leucocyte  count 
was  made  in  only  eight  of  this  series ;  in  four  of  them  there  was  well- 
marked  leucocytosis.  Two  of  the  fatal  cases  present  enough  features 
of  interest  to  justify  their  presentation  in  abstract : 

A  woman  of  twenty-five  years  was  admitted  to  the  hospital,  giving  a  his- 
tory of  previous  good  health.  The  day  the  patient  was  admitted  she  fainted, 
and  then  vomited  a  large  quantity  of  blood.  Three  days  after  she  passed 
blood  from  the  bowels  and  vomited  blood  again.  There  was  marked  pain  in 
the  epigastrium;  the  hemorrhages  continued  at  intervals  of  two  or  three 
days.  The  temperature  was  at  first  normal  and  then  rose  to  102.6^.  She 
continued  to  present  irregular  fever — from  101^  to  104° — having  the  type  of 
hectic  fever,  which  lasted  for  ten  days,  when  she  died.  The  general  appear- 
ance of  the  patient  did  not  indicate  that  the  cause  of  death  was  the  loss  of 
blood.  A  postmortem  examination  disclosed  the  presence  of  a  superficial 
ulcer  situated  upon  the  posterior  wall  of  the  stomach  at  the  lesser  curvature. 
No  other  lesions  were  found.  There  were  no  evidences  of  any  complicating 
inflammation  in  the  neighborhood  of  the  ulcer.  In  this  case  no  cultures 
from  the  organs  were  made. 

The  second  case  was  as  follows  : 

A  female,  aged  thirty-one  years,  was  admitted  to  the  Presbyterian  Hospi- 
tal April  18, 1897,  giving  the  following  history:  She  has  always  been  healthy 
and  her  habits  have  been  good.  She  has  had  indigestion  off  and  on  for 
several  years,  with  pain  in  the  epigastrium  after  eating.  The  dyspepsia  has 
been  more  severe  during  the  past  winter.  With  this  exception  her  health 
has  always  been  good.  On  (he  evening  before  admission  she  felt  slight  pain 
under  the  ensiform  cartilage,  and  then  vomited  blood ;  the  next  morning  the 
pain  returned,  and  again  she  vomited  blood ;  she  has  noticed  no  blood  in  the 
stools.  On  admission  the  temperature  was  100.8°,  pulse  92,  respiration  20. 
The  urine  was  normal.  Physical  examination  showed  the  thoracic  and 
abdominal  organs  normal,  excepting  slight  tenderness  in  the  epigastrium. 

April  20th.  Temperature  was  100.5°.  She  has  vomited  a  moderate  amount 
of  greenish  fluid  with  foul  odor,  but  no  more  blood.  Temperature  in  the 
evening  was  101.2°. 

2S(L  There  is  no  increase  of  the  abdominal  tenderness.  She  does  not 
appear  to  be  suffering  from  loss  of  blood.  There  is  no  marked  pallor  of  the 
skin  or  mucous  membrane ;  there  is  slight  delirium. 
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24th.  She  paBsed  two  stools  containing  a  moderate  amount  of  tarry  ma- 
terial. There  is  no  vomiting ;  the  delirium  is  more  marked.  Temperature 
in  the  morning  101*',  in  the  evening  105.8^.  There  are  no  signs  of  any 
inflammatory  process  in  the  chest  or  abdomen. 

25^A.  Delirium  is  very  active.  There  are  no  movements  from  the  bowelS| 
nor  is  there  vomiting ;  the  general  condition  is  unchanged.  The  temperature 
rapidly  fluctuates  between  104°  and  107.6°;  pulse,  180  to  160.  There  is  no 
appearance  of  exsanguination ;  the  pallor  is  not  excessive,  nor  is  there 
rapidity  of  respiration  or  air-hunger. 

On  the  dext  day,  April  26th,  the  temperature  continued  high,  pulse  grew 
more  feeble  and  rapid,  and  the  patient  died. 

UnfortaDately,  it  was  not  possible  to  perform  a  postmortem 
examination,  but  the  appearance  and  general  behavior  of  the  case 
left  a  distinct  impression  that  she  was  suffering  from  an  intense  acute 
infection. 

In  this  series  of  cases  no  examination  of  the  blood  for  bacteria  was 
made.  It  is  to  be  regretted  that  an  examination  of  the  blood  was 
made  in  so  few  of  these  cases,  but  most  of  them  occurred  at  a  time 
when  the  blood  was  much  less  regularly  and  thoroughly  studied  than 
is  the  case  now. 

A  study  of  the  above  series  of  cases  has  suggested  the  probability 
that  septic  poisoning  does  occur  from  time  to  time  in  ulcer  of  the 
stomach,  that  it  may  be  one  of  the  causes  of  the  fever  which  is  so 
often  present,  and  that  it  may  be  an  element  of  much  importance  in 
the  clinical  possibilities  of  this  disease.  Moreover,  an  investigation 
of  a  corresponding  series  of  cases  of  gastric  disorder,  such  as  hyper- 
cblorhydria,  atonic  dilatation,  and  other  conditions  more  or  less  closely 
simulating  ulcer  of  the  stomach,  but  in  which  the  final  outcome  indi- 
cated that  this  latter  lesion  had  not  been  present,  generally  showed 
an  absence  of  fever  even  of  low  grade.  This  has  suggested  the  possi- 
bility that  in  a  few  of  these  puzzling  cases  where  the  differential 
diagnosis  lies  between  gastric  ulcer  and  severe  functional  gastric 
disturbance,  a  careful  study  of  the  temperature  record  may  be  of 
service  in  aiding  the  diagnosis,  the  presence  of  fever  pointing  to  the 
existence  of  an  organic  lesion  with  loss  of  substance. 

In  cancer  of  the  stomach,  also,  the  presence  of  fever  has  been  noted, 
many  cases  having  been  reported  with  temperature  reaching  a  high 
point — 104°  or  105° — sometimes  preceded  by  chills  and  followed  by 
sweating. 
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In  a  recently  published  monograph  by  Osier  and  McRae/^  fever 
was  noted  in  about  50  per  cent,  of  cases  of  cancer  of  the  stomach.  There 
were  eight  cases  which  showed  an  irregular  hectic  temperature.  Two 
cases  had  chilly  feelings,  with  a  rise  of  temperature  to  100^  and  102^. 
Two  others  had  definite  chills  with  temperature  of  103^  and  104^. 
In  the  other  two  cases  of  highest  temperature — 103°  and  104° — the 
autopsy  failed  to  show  a  perforation. 

In  a  series  of  thirty-six  cases  that  have  occurred  in  the  Presby- 
terian Hospital  in  the  past  three  years,  eighteen,  or  exactly  50  per 
cent.,  have  shown  fever  as  high  as  100°.  In  ten  cases  the  course  of 
the  febrile  movement  was  that  of  a  hectic  fever,  and  the  history  and 
clinical  picture  strongly  suggest  a  septic  process.  In  one  of  these 
cases  there  was  a  well-marked  leucocytosis. 

In  this  series,  as  before,  I  have  omitted  all  cases  in  which  the 
existence  of  any  inflammatory  complication  was  indicated. 

In  this  disease  also  it  seems  possible  that  the  presence  of  fever  may 
be  of  service  in  aiding  an  early  differential  diagnosis  from  functional 
gastric  disturbance. 

In  one  case  which  is  still  under  treatment,  a  woman  of  middle  age 
gave  a  history  of  rather  persistent  dyspepsia  with  fairly  marked  loss 
of  flesh.  There  were  none  of  the  physical  signs  of  a  stomach  tumor, 
nor  was  there  hematemesis,  but  an  irregular  febrile  movement  of  very 
low  grade,  together  with  a  well-marked  leucocytosis,  and  for  which  no 
other  cause  could  be  discovered,  helped  to  confirm  the  impression  that 
she  was  suffering  from  cancer  of  the  stomach  rather  than  from  func- 
tional disease,  and  this  impression  has  been  justified  by  the  subsequent 
course  of  the  disease  and  the  continued  absence  of  free  hydrochloric 
acid  from  the  gastric  contents. 

Another  disease  of  the  stomach  in  which  the  question  of  the  source 
of  infection  becomes  of  importance  is  phlegmonous  gastritis.  I  am 
aware  that  the  view  is  held  by  some  that  in  this  disease  the  inflam- 
mation of  the  wall  of  the  stomach  is  a  metastasis,  the  result  of  infec- 
tive material  brought  there  by  the  blood-current  from  a  focus  elsewhere 
in  the  body. 

A  study  of  the  cases  that  has  been  reported  gives,  however,  a  dis- 
tinct impression  that  in  many  of  them  at  least  this  is  not  the  case, 
and  that  the  infecting  bacteria  have  found  their  way  into  the  sub- 
mucous tissues  through  a  lesion  in  the  gastric  mucous  membrane. 
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In  a  case  reported  by  Kelnyack^^  the  onset  of  the  symptoms  followed 
the  forcible  dilatation  of  a  cicatricial  stricture  of  the  lower  end  of  the 
esophagus. 

At  autopsy  there  were  found  the  typical  lesions  of  acute  diffuse 
phlegmonous  gastritis.  At  the  esophageal  stricture  there  were  sev- 
eral deep  fissures  in  the  mucous  membrane,  one  of  which  led  down  to 
an  abscess  of  considerable  size  between  the  esophagus  and  trachea. 

The  relation  of  the  onset  of  the  symptoms  to  the  operation  indi- 
cated that  the  trauma  was  the  cause  of  the  disease. 

In  another  case  reported  to  this  Association  at  its  last  meeting  by 
Dr.  Kinnicutt^  there  was  a  linear  cicatrix  on  the  posterior  wall  of  the 
stomach,  at  the  lower  end  of  which  was  a  small  necrotic  area,  and 
which  suggested  the  hypothesis  that  this  was  the  point  of  entry  for 
the  pyogenic  organisms. 

Hemmeter^^  has  reported  a  case  which  complicated  a  carcinomatous 
ulcer  of  the  stomach. 

In  a  summary  by  Leitb^^  of  reported  cases  of  this  disease  there  were 
two  in  which  a  local  point  of  infection  in  the  stomach  was  evident. 
In  one  case  there  was  a  gastric  ulcer  which  perforated  into  the  pan- 
creas and  which  was  complicated  with  phlegmonous  gastritis. 

In  another  there  were  hemorrhagic  erosions  which  were  believed  to 
be  the  source  of  infection. 

In  a  case  of  typical  diffuse  phlegmonous  gastritis  occurring  in  my 
own  service  during  the  past  year,  and  not  previously  reported,  there 
was  found  at  the  pylorus  a  small  polyp^  the  mucous  membrane  of 
which  was  necrotic  and  the  center  of  which  was  a  mass  of  pus.  This 
appeared  to  be  the  portal  of  entry  for  the  micro-organisms. 

Thus  in  these  six  cases  there  was  found  an  initial  lesion  in  the 
stomach  wall  which  was  thought  to  have  given  entry  to  the  pathogenic 
bacteria.  The  most  reasonable  hypothesis  seems  to  be  that  in  this 
disease  the  inflammation  is  set  up  by  bacteria  which  are  in  the  gastric 
contents,  and  which  find  their  Avay  to  the  submucous  coat  through 
some  lesion  of  the  mucous  membrane. 

I  am  aware  that  in  trying  to  throw  light  upon  the  pathogenesis  of 
mild  cases  of  hectic  fever  that  do  not  come  to  autopsy  one  is  leaving 
the  realm  of  scientific  certainty  and  drifting  into  that  of  hypothesis ; 
but  a  study  of  the  group  of  cases  that  have  just  been  detailed  has 
given  the  impression  that  septic  poisoning  through  lesions  of  the 
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stomach  and  duodenum  is  of  more  frequent  occurrence  and  greater 

clinical  importance  than  is  generally  believed,  and  that  the  presence 

of  moderate  grades  of  hectic  fever  may  be  of  some  use  in  the  diflScult 

differential  diagnosis  between  functional  and  organic  disease  of  these 

organs. 
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DISCUSSION. 


Dr.  Cabot  :  I  would  like  to  ask  Dr.  James  whether  there  was  any  leuco- 
cytosis  ill  these  cases  of  ulcer  with  fever  ? 

Dr.  Meltzer  :  It  seems  to  me  that  the  cases  Dr.  James  has  mentioned 
permit  another  interpretation.  If  I  understood  him  correctly,  his  view  is 
that  in  these  cases  of  atypical  septicemic  character  the  gastric  or  duodenal 
ulcers  have  been  the  whole  source  of  infection.  A  single  entrance  of  bac- 
teria into  the  circulation  will  probably  not  yet  cause  septicemia ;  the  normal 
bactericidal  powers  of  the  blood  will  overcome  a  single  invasion.  For  the 
maintenance  of  a  permanent  infection  of  septicemia,  either  of  the  two  con- 
ditions have  to  be  present:  either  the  blood  lost  its  normal  bactericidal 
powers,  or  else  there  is  a  source  for  continual  new  infection.  I  will  admit 
that  it  might  happen  once  in  a  while  that  micro-organisms  could  invade  the 
circulation  by  the  way  of  even  a  gastric  ulcer.  But  it  seems  to  me  improb- 
able that  such  an  open  surface  will  present  the  gate  for  a  continual  invasion. 
Open  purulent  surfaces  do  not  cause  septicemia.  I  am  rather  inclined  to 
believe  that  if,  in  the  course  of  a  gastric  ulcer  with  hemorrhages,  under- 
nutrition, etc.,  septicemia  appears,  it  is  to  be  considered  only  as  a  terminal 
infection.    Flezner  has  shown  a  few  years  ago  that  the  cause  of  death  in 
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many  chronic  diseases  is  not  the  disease  itself,  but  a  terminal  infection. 
The  normal  body  is  full  of  bacteria  which  often  invade  the  circulation,  but 
in  health  they  are  taken  care  of  by  the  normal  bactericidal  powers.  These, 
however,  are  greatly  reduced  in  serious  chronic  diseases,  and  so  the  invading 
bacteria  are  permitted  to  grow  within  the  blood,  hence  the  septicemia. 
Whether  these  bacteria  entered  through  the  ulcer  or  through  any  other  gate 
is  indifferent,  as  bacteria  probably  find  their  way  into  the  circulation,  often 
even  through  normal  mucous  membranes. 

Dk.  Kinnicutt  :  In  reference  to  the  remarks  just  made,  I  think  many  of 
these  cases  of  fever  can  hardly  be  regarded  as  terminal  infections,  inas- 
much as  they  occur  when  the  patient  is  in  a  fair  condition.  Trace  the 
chronic  ulcer,  and  you  frequently  have  a  slight  rise  of  temperature  occurring 
at  irregular  intervals  over  a  very  long  period  of  time.  My  own  experience 
has  been  quite  in  accord  with  that  of  Dr.  James,  and  I  have  long  believed 
and  taught  that  the  fever  we  so  frequently  observe  in  ulcer  and  cancer  of  the 
stomach  is  the  result  of  infection,  probably  from  the  gastric  lesions.  Another 
observation  which  I  think  others  will  confirm  is  the  occasional  occurrence  of 
other  symptoms  of  infection  in  ulcer  or  cancer  of  the  stomach.  A  number 
of  times  in  the  last  few  years  in  the  cases  of  ulcer  that  have  come  under  my 
observation  there  has  been  infection  of  the  parotid  gland,  sometimes  ending 
in  suppuration.  In  at  least  one  instance  with  a  fatal  issue  from  hemorrhage 
the  only  lesion,  aside  from  the  abscess  of  the  parotid,  discovered  at  autopsy, 
was  an  active  gastric  ulcer. 

Db.  James  :  In  answer  to  Dr.  Cabot  I  can  only  say  that  in  a  few  of  the 
cases  blood-counts  were  made,  and  in  a  small  proportion  of  those  marked 
leukocytosis  was  found,  but  as  there  was  also  hemorrhage  not  much  impor- 
tance was  attached  to  this  point. 


RECENT  RESEARCH  WORK  ON  THE  CHEMISTRY  OF 

THE  TUBERCLE 'BACILLUS. 


By  E.  L.  TRUDEAU,  M.D., 

OF  SARANAC  LAKE,  N.  Y. 


Allow  me  to  bring  briefly  to  the  attention  of  the  Association 
the  results  of  some  researches  as  yet  unpublished  which  have  been 
carried  out  in  my  laboratory  this  winter  by  Drs.  Levene  and 
Baldwin. 

Dr.  Phoebus  A.  Levene,  with  the  assistance  of  Dr.  E.  R.  Bald- 
win, who  furnished  him  with  the  enormous  quantity  of  germs  neces- 
sary for  his  chemical  analysis,  set  himself  the  task  of  making  what 
may  be  termed  a  chemical  dissection  of  the  tubercle  bacillus.  Much 
work  on  the  chemistry  of  the  tubercle  bacillus  has  been  done  already 
by  Behring,  Hammerschlag,  Hoffman,  de  Schweinitz,  and  Rup{)el. 
As  a  result  of  Dr.  I^evene's  work,  I  show  you  in  these  flasks  the 
various  substances  which  he  has  thus  far  been  able  to  isolate  from 
the  dried  and  crushed  germs.  The  first  flask  contains  a  coloring- 
matter,  an  alcoholic  extract  of  the  washed,  dried,  and  powdered 
bacilli.  That  this  coloring-matter  is  peculiar  to  the  tubercle 
bacillus  seems  to  be  indicated  by  the  fact  that  a  few  drops  of  it 
added  to  a  glass  of  water  give  the  same  opalescent,  yellowish-green 
hue  which  is  noticed  in  cultures  growing  on  transparent  liquid 
media. 

He  also  separated  a  peculiar  fat  or  wax-like  substance  which  I 
now  show  you,  and  which  forms  30  per  cent,  of  the  body  substance 
of  the  bacillus.  When  the  various  component  parts  of  the  bacillus 
are  stained  this  is  the  only  one  which  holds  the  stain  in  the  presence 
of  acids.  It  does  not  seem  to  be  a  toxin  which  causes  the  fever, 
since  Dr.  Baldwin  demonstrated  that  animals  inoculated  with' bacilli 
freed  from  fat  react  to  tuberculin  in  the  usual  wav. 
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I>r.  Levene  also  separated  three  nucleoproteids  which  liave  dififer- 
ent  coagalation  points.  From  these  he  obtained  a  nucleic  acid, 
which  I  now  show  you,  and  which  he  found  to  contain  more 
phosphorus  than  nucleic  acid  derived  from  other  animal  and  vege- 
table substances  that  he  tested.  The  nucleoproteids  of  the  tubercle 
bacillus  are  probably  the  toxic  agent,  or  at  least  one  of  the  toxic 
substances,  contained  in  the  bacilli.  This  was  demonstrated  in  a 
set  of  experiments  I  will  refer  to  again,  where  the  toxicity  of  tuber- 
culin was  shown  to  be  destroyed  by  those  ferments  which  are  known 
to  be  especially  active  in  splitting  up  nucleoproteids. 

Beside  these  substances  Dr.  I^evene  found  a  glycogen  or  a 
glycogen-like  substance  which  is  contained  in  this  small  flask. 
This  is  the  first  time,  to  my  knowledge,  that  this  substance  has 
been  demonstrated  in  the  tubercle  bacillus,  though  the  presence  of 
carbohydrates  has  been  suspected  as  a  necessary  source  of  energy  in 
bacteria. 

He  also  studied  the  chemical  differences  in  cultures  grown  on 
different  media,  in  virulent  and  less  virulent  cultures,  to  determine 
the  relation  the  chemical  composition  of  bacteria  might  bear  to  their 
virulence.  Comparative  studies  were  made  of  bacilli  grown*  on 
ordinary  bouillon  and  on  a  synthetic  medium  described  by  Proskauer 
and  Beck,  containing  chiefly  phosphates,  mannite,  and  glycerin. 
Results  show  that  more  fat  and  a  larger  amount  of  proteid  and  free 
nucleic  acid  could  be  obtained  from  bouillon  than  from  mannite 
cultures,  and  it  would  apj^ear  tliat  toxic  properties  of  bacillus  are 
probably  related  to  the  nucleic  acid  and  its  combinations  which 
they  contain. 

Another  interesting  set  of  experiments  by  Dr.  Levene  and  Dr. 
Baldwin  proved  that  the  toxins  of  tetanus,  diphtheria,  and  tubercu- 
losis are  all  destroyed  by  digestion  with  trypsin,  and  the  first  two 
by  pepsin  and  ])apain  also.  When  thus  treated  a  dose  ten  times  as 
large  as  a  usually  fatal  dose  is  harmlesj^.  Tuberculin  could  not  be 
destroyed  entirely  by  peptic  digestion,  and  it  is  probable  from  this 
fact  tliat  it  is  a  nucleoproteid,  this  group  of  proteids  being  more 
resistant  to  pepsin. 


SOME    TROPHONEUROSES    AND    THEIR    RELATION 
TO  VASCULAR  DISEASE  OF  THE  EXTREMITIES. 


By  B.  SACHS,  M.D., 

OF  MEW   YORK. 


In  an  article  on  erythromelalgia/  published  a  few  years  ago  in 
conjunction  with  Dr.  A.  Wiener,  it  was  shown  that  marked  changes 
had  taken  place  in  the  bloodvessels  of  the  affected  extremity. 
The  amputation  of  the  leg  above  the  knee  furnished  the  opportunity 
for  a  careful  examination  of  the  nerves  and  bloodvessels  of  the  dis- 
eased part,  and  it  was  found  that  these  marked  changes  in  the 
bloodvessels  occurred  not  only  in  the  immediate  vicinity  of  the  most 
affected  region,  but  were  equally  pronounced  in  the  bloodvessels  at 
some  distance  from  the  site  of  the  disease.  From  this  the  conclu- 
sion was  draw^i  that  in  some  instances  the  symptom-group  known  as 
erythroraelalgia  may  be  due  to  disease  of  the  arteries  rather  than  to 
disease  of  the  peripheral  or  central  nervous  system.  The  anatom- 
ical findings  in  this  case  were  a  surprise  to  us,  but  have  encouraged 
us  to  study  in  somewhat  greater  detail  the  relation  of  vascular  dis- 
ease to  trophoneuroses  of  various  types.  These  special  affections 
have  in  the  minds  of  all  of  us  been  associated  far  more  w-ith  disease 
of  the  nervous  system  than  with  disease  of  the  arteries  or  the  veins, 
and  it  is  probably  due  to  the  surprise  occasioned  by  the  findings 
reported  by  Dr.  Wiener  and  myself  that  our  former  publication 
met  with  some  criticism. 

It  has  been  claimed  by  several  writers'^ — among  others  by  Cas- 
sirer,^  in  his  recent  able  monograph  on  vasomotor  and  tropho- 
neuroses— that  the  case  of  erythromelalgia  in  which  these  marked 

»  Deutsch  Zeltschrlft  fllr  Nervenhellkimde,  1899,  Bd.  xv.  p.  286. 

2  G.  Schriilter.    Nothnagel's  specielle  Pathologie  u.  Therapie,  vol.  xv.,  Theil  Hi.  p.  397. 

8  Cassirer.     Die  Vasomolorisch-trophischen  Neuroeen.    Berlin,  S.  Karger,  1901. 
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changes  were  found  did  not  conform  to  the  type  of  the  disease,  but 
could  be  interpreted  as  a  form  of  obliterating  endarteritis.  A  care- 
ful review  of  the  entire  course  of  this  case  of  erythromelalgia  shows 
that  it  conforms  to  the  type  as  developed  by  Weir  Mitchell.  The 
patient  was  a  man,  aged  thirty-six  years,  a  Russian,  who  had  had 
vague  rheumatic  pains  for  some  years,  which  he  connected  in  part 
with  the  necessity  of  working  ten  or  twelve  hours  at  a  time  at  a 
sewing-machine.  At  first  there  were  spasmodic  attacks^  redness  and 
sw^elling  of  the  left  foot,  particularly  noticeable  when  the  leg  was 
hanging  down ;  later  on  the  "  red  neuralgia "  became  persistent* 
For  a  period  of  over  six  months  there  was  not  a  single  symptom 
except  those  that  we  are  accustomed  to  find  in  this  disease.  There 
was  lively  pulsation  of  the  arteries,  and  the  color  of  the  foot  changed 
from  a  bright  red  to  a  violaceous  tint.  The  only  symptom  in  the 
case  which  was  a  little  unusual,  and  which  Weir  MitchelP  did  not 
include  in  the  symptomatology  of  the  disease,  was  the  gradual  devel- 
opment of  a  large  ulcer  on  the  dorsum  of  the  foot,  which  grew  worse 
and  worse,  and,  finally,  in  addition  to  the  pain,  necessitated  the 
amputation  of  the  leg.  But  other  writers,  including  Eisner,*  have 
reported  cases  of  undoubted  erythromelalgia  associated  with  gan- 
grene, and  even  Cassirer  has  to  allow  that  such  marked  trophic  dis- 
turbance may  occur  in  this  disease. 

German  authors  in  jxirticular,  who  took  up  this  subject  a  few 
years  ago,  have  insisted  on  a  priori  grounds  that  erythromelalgia 
must  necessarily  be  due  to  disease  of  the  trophic  nerves,  and  were 
of  the  opinion  that  it  would  prove  to  be  a  disease  of  the  posterior 
gray  matter  of  the  spinal  cord.  No  evidence  of  this  has  been  fur- 
nished, and  the  only  complete  autopsy  in  a  case  of  erythromelalgia^ 
was  in  one  complicated  by  tabes  dorsalis ;  in  view  of  this  it  remains 
doubtful  still  whether  the  changes  in  the  lower  lumbar  and  upper 
sacral  roots  in  this  case  can  be  held  responsible  for  the  trophic 
changes  in  the  extremity.  Weir  Mitchell,  in  one  of  his  latest 
studies,  allows  for  the  possibility  of  a  central  origin  of  the  disease, 
but  pleads  much  more  strongly  in  favor  of  a  nerve-end  neuritis  as  a 
direct  cause  of  the  symptoms  of  erythromelalgia ;  and  in  a  paper 

1  Cliuical  Letsoiu  on  Nerroas  Diseases,  Philadelphia,  1897,  p.  180. 

2  New  York  Medical  Record,  1897,  vol.  li.  p.  172. 

'  Reported  by  Anerbach,  Deutsch  Zeitscbrift  fur  Nerrenheilkunde,  Bd.  xi.  p.  143. 
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published  in  conjunction  with  Spiller  it  is  shown  that  there  were 
slight  vascular  changes  in  addition  to  the  evidences  of  a  terminal 
neuritis. 

I  have  no  intention,  however,  at  the  present  moment  of  proving 
or  disproving  the  diagnosis  of  erythromelalgia  in  the  case  previously 
reported.  Whatever  name  one  chooses  to  give  to  the  series  of 
symptoms  met  wth  in  many  of  these  cases,  it  is  very  certain  that 
erythromelalgia,  Raynaud's  disease,  acroparesthesia,  and  even 
scleroderma  often  merge  into  each  other  or  are  associated  with  one 
another ;  and  whether  these  various  types  be  due  to  nerve  disease 
or  not,  the  fact  stands  out  clearly  for  the  present  that  marked  forms 
of  arteriosclerosis  and  phlebosclerosis  occur  in  association  with  these 
so-called  trophoneurotic  diseases.*  It  is  the  special  object  of  this 
paper  to  report  a  number  of  ca.ses  of  vasomotor  and  trophoneurotic 
disturbances  in  which  the  condition  of  the  nerves,  arteries,  and  veins 
of  the  aflPected  extremity  has  been  carefully  studied.  Incidentally 
we  shall  be  able  to  refer  to  the  fact  that  the  lesser  stages  of  the  dis- 
ease are  in  all  probability  responsible  for  many  cases  of  vague 
"  rheumatoid ''  pains  in  the  arms  and  legs,  for  paresthesia  in  cases  of 
diabetes,  and  for  conditions  resembling  those  of  local  syncope  in 
pronounced  cases  of  arteriosclerosis.  Medical  men  have  for  years 
given  most  careful  consideration  to  endarteritis  as  it  occurs  in  the 
brain,  but  have  troubled  themselves  far  less  about  the  same  condition 
as  affecting  the  peripheral  parts  of  the  body,  and  have  not  held  these 
arterial  changes  responsible  for  symptoms  which  might  better  be 
attributed  to  them  than  to  the  influence  of  trophic  nerve  fibers,  tlie 
distribution  and  function  of  which  are  still  but  vaguely  known.  A 
closer  study  of  peripheral  arterial  changes  is  bound  to  follow. 
Spiller  has  referred  to  them  in  an  article  published  in  the  Journal 
of  Experimental  Medicine,  on  a  report  of  a  case  of  dermatitis  vesiculo 
bullosa,  and  has  considered  the  relation  of  vascular  nerve  changes 
to  spontaneous  gangrene  and  Raynaud's  disease,  and  more  recently 
Wulff,^  of  Berlin,  has  reported  similar  disease  of  the  bloodvessels 
causing  spontaneous  gangrene  in  a  youthful  subject.     Some  will 

I  Somewhat  similar  views  were  expressed  in  an  article  just  brought  to  our  notice  :  "  On 
Symmetrical  Gangrene,"  by  A.  Sturmdorf,  Medical  Record,  August  1, 1891. 

*  Ueber  Spontan  Gangraen  bel  jugendlichen  Individuer.  Berlin  Surgical  Society,  December 
10, 1900,  reported  in  Deutsch  med.  Wochenschrifl,  1901,  No.  9,  p.  68. 
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contend  that  liowever  great  the  arterial  or  vascular  changes  may 
be,  they  are  secondary  to  some  mysterious  trophic  influence.  There 
is,  of  course,  much  to  be  said  in  favor  of  this  view. 

Lewaschew's'  experiments  on  animals  have  sho\vn  that  five  months 
after  irritating  the  sciatic  nerve  of  an  animal  distinct  changes  were 
noted  in  the  bloodvessels  of  the  part  experimented  upon ;  that  there 
was  a  constriction  of  the  vessels  due  to  the  marked  changes,  first  in 
the  adventitia  and  muscular  coat,  and  later  on  in  the  intima  of  the 
smaller  bloodvessels.  FninkeP  found  changes  in  the  bloodvessels 
three  or  four  weeks  after  section  of  the  sciatic  nerve.  It  was  his 
opinion  that  the  nerve  lesion  produces  a  condition  of  chronic  irrita- 
tion ;  that  this  in  tura  was  responsible  for  a  spasm  of  the  arteries, 
resulting  in  an  hypertrophy  of  the  walls  of  the  bloodvessels.  Among 
the  most  recent  writers  on  the  subject  is  Lapinsky,^  who  has  shown 
conclusively  that  section  of  the  vasomotor  nerves  produces  a  change 
in  the  walls  of  the  bloodvessels.  He  operated  on  fourteen  rabbits, 
removing  various  sympathetic  ganglia,  and  also  performed  resection 
and  ligation  of  the  cervical  sympathetic.  Following  upon  these 
operations  he  observed  a  dilatation  of  the  bloodvessels,  more  marked 
pulsation,  and  increased  blood-pressure.  The  animals  were  kept 
for  varj'^ing  periods  from  between  ten  to  ninety  days.  In  seven  out 
of  the  fourteen  cases  there  were  marked  changes  in  the  larger  blood- 
vessels, consisting  of  the  thickening  of  the  muscular  coat  and  of  the 
elastic  membrane.  The  changes  in  the  smaller  bloodvessels  and  in 
the  capillaries  were  still  more  marked.  The  muscular  coat  was 
either  atrophic  or  had  disappeared  entirely.  The  intima  was  thick- 
ened and  proliferated,  the  lumen  of  the  bloodvessels  being  frequently 
closed.  If  the  animals  were  killed  before  six  weeks  had  elapsed 
since  the  operation  the  degeneration  of  the  walls  was  not  so  evident. 
The  nature  of  the  lesion  itself  and  of  the  sympathetic  did  not  seem 
to  be  of  any  special  importance,  and  it  mattered  little  whether  or 
not  the  ganglia  had  been  removed  at  the  time  the  sympathetic  was 
experimented  upon.  Ijapinsky  has  also  done  excellent  work  in 
showing  the  dependence  of  vasomotor  changes  upon  neuritis.  He 
was  able  to  furnish  accurate  anatomical  evidence  of  a  proliferation 

»  Virchow's  Archiy,  vol.  xcH,  p.  152. 

s  Centralblatt  f.  allg.  Pathologic  u.  Path.  Anatomic,  1898,  i.,  quoted  by  Cassirer. 

*  DeuUch  Zeitschrift  f.  NerTenheillcunde,  vol.  xtI.  p.  240. 
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of  the  intiiua  with  obliteration  of  the  lumen,  and  of  hemorrhages 
into  the  surrounding  tissue  following  upon  an  experimental  neuritis. 
But  granted  that  the  sympathetic  and  the  peripheral  nerves  exercise 
an  important  influence  upon  the  bloodvessels,  the  question  arises 
whether  disease  of  the  bloodvessels  may  not  occur  independently  of 
nerve  lesions  or  possibly  coincident  with  them.  Such  coincidence 
would  not  be  unnatural  if  we  reflect  that  there  are  several  organic 
and  inorganic  poisons,  such  as  syphilis  and  alcohol,  which  exhibit 
their  deleterious  effects  upon  the  bloodvessels  as  well  as  upon  the 
nerves. 

While  Lapinsky  is  inclined  to  attach  greater  importance  to  reflex 
neurotic  influences,  Thoma  has  established  the  doctrine  that  the 
degeneration  of  the  bloodvessels  is  largely  due  to  simple  mechanical 
conditions,  and  that  the  retardation  in  the  rapidity  of  circulation 
and  the  variations  in  intravascular  pressure  are  primarily  respon- 
sible for  the  changes  in  the  walls  of  the  bloodvessels.  Cassirer, 
who  has  tried  in  an  impartial  way  to  review  the  entire  literature  of 
the  influence  of  the  trophic  nerves  upon  the  disease  of  the  blood- 
vessels, is  only  able  to  state,  as  a  final  conclusion,  that  "  there  is  at 
least  every  reason  to  consider  the  condition  of  the  vasomotor  svmp- 
tom  in  cases  of  disease  of  the  bloodvessels,  particularly  of  the  smaller 
ones."  If  this  be  the  result  of  years  of  controversy  it  will  be  more 
fruitful  to  quit  the  field  of  speculative  physiology  and  pathology, 
and  to  record  for  the  present,  in  sober  fashion,  the  wide-spread 
changes  in  the  vascular  system  of  patients  aflPected  with  various 
forms  of  so-called  trophoneuroses.  To  this  end  a  few  histories  and 
anatomic  studies  will  be  briefly  reported : 

Case  I. — W.  S.,  aged  twenty-seven  years,  born  in  Russia.  Seen  for  the 
first  time  in  January,  1898.  At  that  time  he  complained  of  a  peculiar  numb- 
ness and  tingling  sensation  in  his  feet.  These  would  occur  at  various  times 
during  the  day,  and  were  followed  by  severe  pain  and  a  distinct  bluish  dis- 
coloration of  the  feet.  The  patient  thinks  that  for  four  years  before  this 
first  examination  he  had  suffered  in  a  similar  way.  He  was  employed  in 
a  silk  factory,  and  was  compelled  to  stand  on  his  feet  all  day.  The  pain 
was  paroxysmal,  sometimes  lasting  only  a  few  moments ;  at  other  times  it 
would  continue  for  several  hours.  He  suffered  more  during  the  winter  than 
during  the  summer  months,  although  never  entirely  free  from  pain.  Hold- 
ing his  occupation  responsible  for  his  symptoms,  he  changed  the  character 
of  his  work  and  was  busy  at  a  sewing-machine.  After  working  in  this  way 
only  a  short  time,  and  sometimes  treading  the  machine  with  his  bare  feet. 
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occasional  pain  set  in  in  both  feet,  and  he  soon  noticed  that  the  right  one 
asBumed  a  dark  purplish  color.  The  paroxysmal  attacks  of  pain  became 
more  and  more  frequent,  the  individual  attacks  lasting  longer  and  longer, 
nntil  the  pain  became  practically  continuous.  There  is  no  history  of  syphilis 
in  this  case.  The  urine  was  normal,  free  from  sugar  or  any  foreign  matter. 
He  had  been  a  heavy  drinker  for  some  time,  never  becoming  intoxicated, 
but  rather  proud  of  the  fact  that  he  could  consume  large  quantities.  The 
toes  of  the  right  foot  at  the  time  of  the  first  examination  had  assumed  a  dark 
purplish  color.  When  pricked  with  a  pin  the  blood  that  exuded  from  the 
toes  was  almost  black.  The  veins  over  the  arch  of  the  foot  were  prominent ; 
pulsation  could  be  felt  in  the  arteries  at  the  ankle-joint,  but  not  very  dis- 
tinctly. The  feet  were  not  sensitive  to  pressure,  even  at  the  time  of  great- 
est pain.  The  left  foot  was  similar  in  every  way,  though  all  the  phenomena 
were  somewhat  less  marked.  No  sensory  disturbances  could  be  detected  in 
either  foot  in  the  interval  between  the  attacks.  The  electrical  condition  of 
the  nerves  and  muscles  was  practically  normal.  Various  therapeutic 
measures  were  employed,  but  without  avail.  The  patient  was  evidently 
discouraged,  and  disappeared  from  observation. 

He  returned  a  year  and  a  half  later  with  the  history  that  he  had  gone  to 
his  home  in  Warsaw,  Russia,  and  had  placed  himself  there  under  the  care  of 
a  physician.  While  there  gangrene  appeared,  and  one  toe  after  the  other  of 
the  right  foot  had  to  be  removed  during  a  period  of  two  months.  Soon  the 
toes  of  the  left  foot  begun  to  give  the  same  trouble,  and  the  big  toe  of  this 
foot  was  also  removed  on  account  of  the  gangrene.  Later  on  the  little  toe 
was  removed.  The  other  toes  were  extremely  cyanotic,  but  were  not  ampu- 
tated. The  patient  felt  better  and  decided  to  return  to  New  York.  When 
examined  after  his  return  the  following  condition  was  noted :  The  right  foot 
presented  a  reddish-purplish  appearance,  with  veins  still  prominent  and 
arteries  with  distinct  but  weak  pulsation.  The  left  foot  was  of  much  darker 
appearance ;  the  only  three  toes  which  had  not  been  amputated  were  extremely 
cyanotic.  At  this  time  the  patient  was  working  in  a  cigar  factory.  He  was 
under  observation  just  one  month,  when  severe  pain  and  gangrene  occurred 
on  the  inner  and  plantar  surface  of  the  left  foot.  On  account  of  the  pain 
and  marked  cyanotic  appearance  of  the  foot,  amputation  had  to  be  resorted 
to,  and  this  was  done  by  Dr.  Lilienthal,  the  patient  making  an  uneventful 
recovery.  Previous  to  the  amputation  of  the  foot  the  patient  began  to  com- 
plain of  pain  and  numbness  in  the  index  and  middle  fingers  of  the  right 
hand.  These  fingers  would  get  perfectly  white,  and  were  practically  corpse 
fingers,  in  marked  contrast  to  the  deep  cyanotic  color  of  the  other  fingers 
and  rest  of  the  hand.  The  pulse  at  the  wrist  did  not  alter  its  character 
appreciably  during  the  entire  attack.  It  was  of  great  interest  to  us,  how- 
ever, that  at  this  time  a  marked  phlebitic  swelling  occurred  just  below  the 
elbow.     This  gradually  disappeared  under  proper  treatment. 

The  paroxysmal  attacks  of  pain,  the  recurrent  forms  of  local 
syncope  and  asphyxia,  followed  by  symmetrical  gangrene,  the  absence 
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of  marked  sensory  changes  and  of  a  reaction  of  a  degeneration  in 
the  nerves  and  muscles  of  the  affected  parts,  made  the  diagnosis  of 
Raynaud's  disease  certain  enough.  But  even  if  there  were  to  be  a 
difference  of  opinion  as  to  the  exact  labelling  of  this  special  case  the 
marked  arteriosclerosis  and  phlebosclerosis  were  of  special  interest. 
On  carefully  examining  the  removed  tissue  we  could  not  find  a 
single  artery  or  vein,  large  or  small,  that  was  not  diseased.  Slight 
degenerative  changes  were  found  in  some  of  the  ner\'e  fibers.  Exces- 
sive alcoholic  indulgence  and  the  peculiar  occupation  of  the  individ- 
ual must  be  considered  the  chief  etiologic  factors.  With  alcohol 
as  a  predisposing  cause  of  vascular  disease,  the  constant  use  of  the 
extremities  may  be  considered  to  be  the  additional  exciting  cause. 
Moreover,  as  soon  as  the  patient  changed  his  occupation  and  became 
a  cigarmaker^  necessitating  the  more  active  employment  of  the 
hands  and  fingers,  the  disease  became  evident  in  the  upper  extremity. 
Exposure  to  cold  may  also  have  played  a  role,  and,  in  view  of  the 
diseased  condition  of  the  bloodvessels,  reactive  circulation  could  not 
be  easily  established  in  parts  that  were  improperly  nourished. 
The  obliterating  endarteritis  in  this  case  was  evidently  not  of  recent 
date.  An  examination  of  the  specimens  showed  some  of  the  vessels 
almost  completely  obliterated  by  dense  sclerotic  tissue,  while  all 
possible  and  advanced  stages  of  an  obliterating  endarteritis  could  be 
made  out.  The  presence  of  phlebitic  swelling  in  the  right  forearm 
coincident  with  the  first  symptom  of  the  Eaynaud  type  in  this  same 
extremity  would  also  go  to  prove  the  intimate  dependence  of  the 
latter  upon  the  former.  The  patient,  on  close  questioning,  also 
stated  that  he  had  frequently  had  these  lumps  in  the  lower  extremity 
before  the  later  symptoms  had  been  carefully  noted.  It  will  not  be 
necessary  to  claim  that  Raynaud's  disease  is  always  due  to  vascular 
changes,  though  Barlow,  Dehio,  and  even  Raynaud  himself  have 
reported  such  changes  in  subjects  of  this  disease.  Allowing  for  the 
marked  trophic  and  vasomotor  influences,  the  case  just  reported  seems 
to  us  to  furnish  good  evidence  of  the  intimate  relation  between  the 
vascular  changes  and  the  grave  disturbances  in  the  nutrition  of 
the  peripheral  parts. 

Case  II. — S.  L.,  a  tailor,  aged  thirty-one  years;  married  seven  years; 
family  history  negative  as  far  as  any  neurotic  taint  is  concerned.  Smokes  a 
pipe  and  drinks  beer  very  freely.     No  history  of  any  venereal  trouble.    Has 
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worked  at  a  sewing-machine  for  four  years,  bat  gave  up  this  occupation  three 
yean  ago.     Hss  never  suffered  any  exposure  to  cold.    Four  years  before  the 
first  examination  he  claims  that  he  suffered  with  occasional  burning  pains 
along  the  inner  border  of  the  left  foot  and  drawing  pains  of  the  left  calf. 
Theee  attacks  were  infrequent  at  first,  and  lasted  about  half  a  day.     He 
noticed  that  at  times  a  red  patch  would  appear  over  the  inner  border  of  this 
same  foot,  without  any  distinct  pain  in  walking.     Two  and  a  half  years  ago 
he  began  to  suffer  from  redness  and  swelling  in  the  big  toe  of  the  left  foot, 
which  was  accompanied  by  a  marked  burning  sensation.     The  pain,  the 
redness,  and  the  swelling  were  constant,  bat  were  made  distinctly  worse  on 
walking.    The  trouble  was  supposed  to  be  rheumatic,  and  the  treatment  was 
in  accordance  with  this  supposition.     This  treatment  was  interrupted  by  the 
appearance  of  an  ingrowing  nail  on  this  same  toe.     The  nail  had  to  be 
removed,  and  a  black  suppurating  slough  developed,  the  gnngrenous  area 
spreading  toward  the  end  of  the  toe  on  the  outside.    This  area  was  excised 
and  the  bone  thoroughly  scraped.     Gangrene,  however,  continued  to  spread, 
so  that  it  became  necessary  to  remove  the  nail  and  one  phalanx,  which  was 
done  on  January  21, 1899.    The  patient  had  been  in  the  hospital  three  weeks, 
and  as  the  amputation  wound  refused  to  heal  the  sloughing  skin  and  a  piece 
of  the  proximal  phalanx  were  removed.    During  all  this  time  the  patient  had 
severe  pain,  and  the  other  toes  of  the  same  foot  became  reddish- blue,  were 
swollen,  and  were  more  or  less    painful.     In  May,  1899,  the  proximal 
phalanx  was  removed  under  chloroform,  and  the  wound  bid  fair  to  heal. 
Later  on  numerous  incisions  had  to  be  made  for  evacuation  of  the  pus.    The 
patient  insisted  on  returning  to  his  work,  but  ulcers  were  developed  between 
the  base  of  the  second  and  the  third  toes  on  the  dorsum  of  the  foot.     The 
blueness,  pain,  and  swelling  were  growing  constantly,  and  especially  severe 
when  the  foot  was  in  a  dependent  position.     The  heart,  lungs,  and  kidneys 
were  normal.    The  patient  weighed  about  141  pounds,  and  was  emaciated  in 
appearance.    There  was  a  general  atrophy  of  the  left  limb  from  the  hip 
down.    This  atrophy  may  partly  have  been  due  to  disuse,  as  the  patient  had 
not  practically  used  his  limb  for  a  period  of  four  and  a  half  months.     The 
deep  and  superficial  reflexes  were  normal.     The  left  foot,  when  in  a  depen- 
dent position,  becomes  cyanotic ;  when  elevated,  it  gradually  grew  paler, 
but  remained  elevated.     The  great  toe  is  absent,  and  the  others  are  swollen, 
so  that  the  lines  over  and  around  the  articulation  are  lost. 

The  nails  are  thick,  round  in  shape,  and  with  a  tendency  to  become 
ingrown.  Under  the  dorsum  of  the  right  foot  at  the  head  of  the  first  meta- 
carpal bone  is  a  round,  circumscribed  ulcer,  three  centimeters  in  diameter, 
which  involved  the  entire  thickness  of  the  skin.  The  borders  are  not  under- 
mined, bat  sharp,  and  bleed  easily  when  the  foot  is  dependent.  At  the  base 
of  the  muscles  is  a  yellow-grayish  slough,  and  does  not  bleed  easily.  Around 
the  ulcer  the  skin  has  a  reddish-blue  color,  which  disappears  slowly  and 
returns  gradually  on  pressure.  On  the  dorsum  of  this  foot  and  base  of  the 
second  and  third  mediodorsal  phalangeal  articulation  is  another  ulcer  similar 
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in  every  respect  to  the  one  just  described,  only  differing  in  size  and  shape. 
The  pain  became  so  severe  in  this  case,  and  the  ulcers  refusing  to  heal, 
various  therapeutic  measures  were  tried,  and  the  leg  was  amputated  above 
the  knee-joint  by  Dr.  Gerster.  The  popliteal  artery,  vein,  and  nerve,  the 
anterior  and  posterior  tibial  arteries,  veins,  and  nerves,  together  with  the 
plantar  arteries  and  nerves  and  various  tissues  of  the  foot,  were  immediately 
removed  and  examined. 

In  this  case,  also,  all  the  veins  and  arteries  were  in  a  condition 
which  might  best  be  designated  as  a  marked  arteriosclerosis  and 
phlebosclerosis.  The  popliteal  nerve  was  entirely  normal.  Only  in 
the  neighborhood  of  the  ankle-joint  were  a  few  degenerated  fibers 
in  the  anterior  and  posterior  tibials.  There  was  a  distinct  neuritis 
of  the  nerves  on  the  dorsal  and  plantar  portion  of  the  foot.  In  this 
case,  again,  if  we  were  interested  in  the  diagnosis  of  erythromel- 
algia,  a  hue  and  cry  would  be  certain  to  be  raised ;  although  the 
swelling,  the  redness,  the  pain,  the  marked  hyperesthesia,  all  in- 
creasing when  the  foot  was  in  a  dependent  position,  would  be  in 
agreement  with  that  diagnosis.  But  we  will  not  insist  on  it,  since 
the  clinical  picture  was  evidently  entirely  altered  through  the  pres- 
ence of  an  ingrowing  nail,  and  possible  infection  of  the  foot  leading 
to  the  ulceration  and  gangrene.  There  would  be  no  objection  to 
classifying  this  special  case  as  a  representative  of  the  simple  oblit- 
erating endarteritis  of  Friedlander,  and  to  meet  all  just  criticisms 
it  may  simply  be  inferred  that  the  earlier  stages  of  obliterating 
endarteritis  give  rise  to  symptoms  which  are  very  similar  to  those 
included  under  the  term  of  erythromelalgia.  The  occurrence  of 
marked  pain  in  these  cases  is  of  some  interest.  It  would  be  natural 
to  connect  this  with  a  terminal  neuritis,  as  Weir  Mitchell  has  done 
in  his  classical  accounts  of  erj-thromelalgia ;  but  one  cannot  escape 
the  conclusion  that  the  terminal  neuritis  may  at  times  be  secondarv 
to  this  marked  alteration  of  the  bloodvessels,  with  subsequent  mal- 
nutrition of  all  the  tissues,  including  the  nerves.  In  the  case  just 
referred  to  the  parent  trunks  were  normal,  and  changes  were  found 
only  in  the  more  peripheral  portions.  When  gangrene  and  ulcera- 
tion appear  the  neuritis  may  be  attributed,  in  part,  also  to  the  effects 
of  the  infection. 

Case  III. — The  patient,  Mrs.  S.  I.,  aged  twenty-nine  years,  was  referred 
to  Dr.  Winer  by  Dr.  Goldenberg.  She  was  born  in  Germany ;  married  eight 
years ;  inclined  to  obesity,  and  presented  various  gouty  manifestations.    Short 


SOME    TROPHONEUROSES.  95 

and  thick-set  in  stature,  she  easily  tires  and  suffers  from  palpitation  and 
dyspnea  when  she  attempts  to  walk  rapidly  or  to  climb  a  flight  of  stairs.    Of 
the  four  children  born  to  her,  none  is  living.     During  first  pregnancy  she 
had  a  bad  fall  in  the  seventh  month.     The  child  was  born  at  term  and  died 
shortly  after  birth.    With  the  second  child  labor  was  difficult ;  the  child 
was  bom  alive  and  died  on  the  following  day.    The  third  was  born  at  full 
term  and  died  a  few  days  thereafter  in  convulsions.     The  fourth  child  lived 
to  be  six  months  of  age,  and  then  died  in  an  attack  of  pneumonia.    The 
patient  has  never  had  any  serious  illness  and  gives  no  history  of  syphilis  or 
of  any  venereal  infection,  however  suspicious  the  history  may  be.     Her 
mother  died  at  a  very  early  age  of  unknown  disease.     Father  is  living  and 
well.     The  parents  of  the  patient  have  had  seven  children.     Of  these  seven, 
five  are  living  and  perfectly  healthy.    In  regard  to  the  other  two,  one  died 
of  meningitis,  complicating  influenza,  and  the  other  of  pernicious  anemia. 
The  patient's  husband  is  living,  and  has  been  free  from  serious  illness.     In 
the  spring  of  1900  the  patient's  foot  began  to  itch  in  a  very  annoying  manner, 
so  that  she  often  was  compelled  to  remove  her  shoes  during  the  day  to 
relieve  the  itching  by  scratching.     It  was  especially  severe  in  the  neighbor- 
hood of  the  small  and  middle  toes  of  the  right  foot  and  the  small  and  big 
toes  of  the  left  foot.     At  first  there  was  no  pain,  but  gradually  the  pain 
appeared  after  scratching.     After  a  period  of  three  weeks,  following  upon 
the  mechanical  irritation  produced  by  scratching,  excoriated  areas  appeared 
over  the  big  and  second  toes  of  the  left  foot.    The  ordinary  treatment  by  dry 
powders  was  of  no  avail ;  the  excoriations  gradually  developed  into  ulcers, 
and  the  patient  requested  treatment  at  the  Vanderbilt  clinic.     She  was  put 
under  thorough  an ti -syphilitic  treatment,  which  had  no  effect  on  the  healing 
of  these  ulcers.     The  pain  became  continuous,  was  burning  in  character, 
and  so  severe  that  she  was  unable  to  obtain  a  night's  sleep.     After  further 
treatment  by  Dr.  Goldenberg,  consisting  of    ichthyol  ointment  and  cold 
dressings,  which  also  proved  unavailing,  the  patient  was  sent  to  Mount  Sinai 
Hospital,  where,  after  remaining  at  rest  for  a  few  weeks,  the  ulcers  gradually 
healed ;  but  as  soon  as  she  was  up  and  about  again  the  same  condition 
returned.     It  was  then  decided  to  amputate  the  big  and  second  toes  upon 
which  the  ulcers  existed.     Considerable  relief  followed  upon  this,  and  the 
patient  has  been  up  and  about  for  six  months.     The  urine  was  examined 
several  times  and  found  to  be  normal ;  only  once  a  very  slight  trace  of  sugar 
was  made  out,  to  which,  however,  no  importance  could  be  attached.     No 
distinct  sensory  disturbances  were  ever  detected.     The  deep  and  superficial 
reflexes  were  always  normal.     Distinct  and  good  pulsation  was  present  in 
this  foot.    The  toes  just  before  amputation  were  very  much  swollen  and  of  a 
reddish-purple  appearance.     The  base  of  the  ulcers  was  covered  by  a  thin, 
grayish,   purulent-looking    mass.       The    edges   were  not    undermined   or 
thickened. 

A  microscopic  examination  of  the  tissues  taken  from  the  amputated  toes 
shows  an  obliterating  endocarditis  in  its  earlier  stages  and  also  a  nerve  endar- 
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teritis.  No  normal  nerTe  fibers  could  be  made  out  in  the  many  specimens 
that  were  examined.  The  tissues  were  infiltrated  with  the  round  cells  and 
showed  an  active  inflammatory  condition.  This  case  demonstrates  the 
earlier  presence  of  vascular  disease  in  association  with  nerve  neuritis  and 
with  trophic  disturbances.  It  is  not  unimportant  to  note  the  early  and  per- 
sistent itching.  The  scratching,  the  mechanical  irritation,  as  well  as  the 
infection,  evidently  led  to  the  development  of  ulcers  in  parts  embarrassed 
by  a  defective  circulation,  due  to  diseased  bloodvessels. 

In  the  three  cases  just  reported  somewhat  in  detail,  the  relation 
to  the  trophic  disturbances  and  the  va.scular  disease  seems  to  be 
evident  enough ;  but  since  our  attention  has  been  directed  to  the 
observation  of  the  bloodvessels  in  the  extremities  other  and  lesser 
conditions  have  been  met  with  which  may  properly  be  attributed  to 
lesser  and  possibly  recoverable  affections  of  the  peripheral  blood- 
vessels. Some  time  ago  we  had  under  observation  a  lady,  aged  fifty- 
five  years,  who  had  been  treated  for  an  attack  of  hemiplegia  due  to 
embolism.  The  patient  had  a  marked  general  arteriosclerosis  in 
addition  to  the  valvular  lesion  without  any  renal  complications.  She 
has  recovered  from  the  hemiplegia,  and  is  now  able  to  get  about 
without  assistance.  Her  general  health  is  good,  but  she  is  troubled 
from  time  to  time  by  spasmodic  attacks  of  severe  pain  in  the  fingers 
of  the  right  hand,  followed  by  numbness  and  pallor  of  these  fingers. 
The  attack  generally  does  not  last  more  than  a  few  hours.  During 
several  such  attacks  I  was  called  to  see  her,  and  found  that  the 
fingers  were  absolutely  numb  and  resembled  in  every  respect  the 
corpse  fingers  of  Raynaud's  disease.  Each  one  of  these  attacks  has 
been  promptly  relieved  by  the  administration  of  hot  baths,  vigorous 
massage,  and  small  doses  of  iodids.  The  attacks  could  justly  be 
likened  to  those  of  Raynaud's  disease,  but  the  matter  is  referred  to 
here  merely  to  show  the  probable  dei>endence  of  such  symptoms 
upon  arteriosclerosis  of  the  peripheral  vessels.  It  is  a  matter  for 
suq)rise  that  such  attacks  are  not  more  frequently  referred  to  in 
association  with  cardiac  arterial  disease  in  the  senile  period. 

In  another  elderly  lady,  aged  sixty  years,  suffering  from  severe 
diabetes  and  treated  in  conjunction  with  Dr.  Janeway,  the  most 
distressing  symptoms  were  frequent  burning  sensations,  numbness, 
and  occasionally  a  cold  feeling  in  the  lower  extremity.  Wo  might 
have  been  satisfied  merely  to  record  these  as  ordinary  rheumatoid 
pains,  for  there  was  also  a  gouty  rheumatic  element  in  this  case  ;  but. 
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bearing  in  mind  the  possible  disease  of  the  peripheral  arteries,  we 
watched  carefully  the  pulsations  of  the  dorsal  artery  of  the  foot,  and 
often  found  its  beat  feeble.  Relief  in  this  case  was  only  to  be  had 
from  active  massage  and  the  application  of  intense  heat.  There 
can  be  little  doubt  that  such  symptoms  as  these  are  due  to  interfer- 
ence with  the  peripheral  circulation.  If  we  bear  in  mind  the  fre- 
quency of  gangrene  in  diabetes  the  occurrence  of  such  symptoms  as 
we  have  just  described,  denoting  a  lesser  degree  of  vascular  disease, 
becomes  a  matter  of  more  than  passing  interest. 

It  would,  indeed,  be  well  to  pay  greater  attention  to  the  arteries 
of  the  lower  extremities,  for  not  only  are  such  rare  types  of  disease 
as  intermittent  claudication  known  to  be  associated  with  arterio- 
sclerosis in  the  lower  extremities,  but  Thoma's  interesting  researches 
have  shown  quite  conclusively  that  many  of  the  vague  rheumatoid 
affections  may  be  considered  to  be  due  to  an  angiosclerosis. 

Whatever  theory  we  may  hold  with  regard  to  the  influence  of 
trophic  and  vasomotor  fibers  upon  disease  of  the  bloodvessels,  the 
experience  here  reported  seems  to  argue  in  favor  of  an  intimate 
relation  between  the  disease  of  the  peripheral  bloodvessels  and  many 
of  the  trophoneuroses,  and  whether  such  disease  be  primary  or 
secondary  must  be  left  to  further  investigation. 


DISCUSSION. 


Dr.  Jane  way  :  I  was  very  glad  to  hear  Dr.  Sachs  go  into  this  subject  in 
detail.  I  saw  a  case  last  year  affected  in  the  reverse  order  to  the  one  be 
described — that  is,  the  patient  having  the  trouble  with  bis  hands  was  advised 
to  take  exercise  on  the  bicycle,  and  soon  the  disease  affected  his  feet.  I 
could  recognize  in  that  case  that  the  arterial  pulsations  in  the  fingers  and  in 
the  feet  were  markedly  reduced.  When  I  first  heard  of  the  case  I  was  told 
that  it  was  a  gangrene  of  the  extremities,  and  I  at  once  asked  for  a  speci- 
men of  the  urine,  expecting  to  find  diabetes.  I  found,  however,  some  albu- 
min and  considerable  amount  of  casts.  The  latter  persisted  for  a  time  and 
then  cleared  up,  and  I  was  uncertain  whether  it  was  a  part  of  the  disease  or 
due  to  very  large  doses  of  aconitin  given  for  a  long  time  to  relieve  pain. 
This  case  had  at  first  been  called  erythromelalgia,  and  the  name  was  shifted 
to  Raynaud's  disease,  as  happens  not  infrequently.  My  belief  is  that  in 
cases  like  this  the  defective  vascular  supply  through  arterial  change  is  pri- 
mary ;  in  one  case  similar  leading  to  amputation  from  extension.  This  was 
proven. 

Am  Pbys  7 
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Db.  Osleb  :  With  reference  to  the  important  point  brought  out  by  Dr. 
SachB  bearing  on  the  relation  of  pain  in  the  extremities  to  arterial  disease,  I 
think  this  is  noted  more  particularly  in  diabetes.  I  have  had  the  oppor- 
tunity to  see  two  brothers  with  this  condition  of  the  toes,  and  both  having 
within  two  weeks  of  each  other  gangrene  of  the  feet.  In  a  certain  number 
of  cases  in  elderly  people,  with  numbness,  tingling,  and  pains  in  the  legs,  I 
think  the  association  with  arteriosclerosis  and  phlebosclerosis  has  been  well 
made  out. 

Dr.  Putnam  :  It  is  interesting  to  note  that  although  the  various  sorts  of 
cases  described  by  Dr.  Sachs  are  more  or  less  closely  related  and  united  by 
intermediate  forms,  yet  as  such  they  preserve,  each  one,  a  striking  indepen- 
dence of  type  and  run  remarkably  true. 

Dr.  Sachs  :  In  order  not  to  be  misunderstood,  I  would  say  that  I  do  not 
wish  to  claim  that  these  cases  are  all  due  to  diseases  of  the  bloodvessels, 
but  that  in  many  instances  the  trouble  is  due  to  disease  in  the  vessels  rather 
than  in  the  nerves.  The  only  other  point  I  want  to  mention  is  that  in  the 
past  few  years  I  have  been  examining  the  arteria  dorsalis  pedis  as  well  as  the 
radial  arteries,  and  would  suggest  that  it  is  well  worth  while  paying  closer 
attention  to  the  arteries  of  the  lower  extremities. 


THE  HEREDITY  OF  APPENDICITIS. 


By  F.  FORCHHEIMER,  M.D., 

or  CINCINNATI. 


The  heredity  of  appendicitis  has  been  referred  to  in  a  general 
■way  for  some  time,  but  it  is  only  within  the  last  five  or  six  years 
that  our  especial  attention  has  been  called  to  the  occurrence  of 
appendicitis  as  the  result  of  heredity  or  family  influences.  Tala- 
mon  explains  the  fact  of  this  factor  having  been  overlooked  by  the 
statement  that  the  clinical  forms  and  the  methods  of  treatment 
have  been  the  principal  points  discussed,  to  the  neglect  of  etiology. 
However  this  may  be,  there  being  not  a  small  number  of  articles 
on  etiology  of  appendicitis  that  have  appeared  before  1895,  the  fact 
remains  that  heredity  in  appendicitis  is  rarely  referred  to  in  the 
literature  published  before  this  date. 

Among  the  French  the  following  have  reported  hereditary  appen- 
dicitis: Brun,  appendicitis  in  a  man  whose  father  had  died  of  per- 
forating appendicitis;  MM.  Routier,  Jalaguier,  Quenu,  and  Berger 
relate  instances  of  the  existence  of  appendicitis  in  members  of  the 
same  family;  M.  Tuffier  reports  three  brothers  with  appendicitis; 
Dr.  Haussmann,  three  members  of  the  same  family;  Roux,  of  Lau- 
sanne, in  300  personal  observations  shows  the  existence  of  heredity 
in  an  astonishingly  large  number  of  cases — 40  per  cent.;  and,  finally, 
Talamon,  from  whom  these  references  are  taken,  reports  two  in- 
stances, one  in  father  and  daughter,  the  other  in  two  brothers. 

Among  the  English  authors  we  find  Atkinson  (1895)  reporting 
father,  two  sons,  and  a  daughter;  Taylor  (1896),  two  brothers  and 
a  sister;  and  Treves  (1897)  states  that  '^  Heredity  is  not  easy  to 
demonstrate  in  a  disease  so  common  as  that  under  consideration, 
bat  it  is  impossible  not  to  be  struck  with  the  fact  that  perityphlitis 
runs  often  in  families."  He  has  seen  it  in  a  family  *^  among  whose 
members  were  five  subjects  of  perityphlitis.'' 
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Among  the  Germans,  Sahli  has  found  five  members  of  a  family 
with  appendicitis;  and  PribrSm  (1899)  reports  two  families — in 
one,  three  brothers  with  mild  appendicitis,  in  a  cousin  fatal  gan- 
grenous appendicitis,  and  in  a  near  relative  of  the  latter  a  severe 
case  of  ileocecal  invagination;  in  the  other  family,  severe  appen- 
dicitis in  a  girl,  and  a  fatal  case  in  her  cousin. 

Deaver  reports  operating  upon  three  members  of  the  same  family; 
but  I  know  of  no  publication  in  American  literature  in  which  special 
reference  is  made  to  the  heredity  of  appendicitis. 

For  the  last  twelve  years  my  attention  has  been  called  to  the 
occurrence  of  appendicitis  in  families,  and  the  results  of  these 
observations  form  the  basis  of  this  paper.  All  the  cases  have 
been  observed  in  private  practice,  and,  with  the  exception  of  four 
cases,  they  have  all  been  under  my  care  during  one  or  the  other 
attack  of  appendicitis.  Two  cases  occurred  before  the  term  appen- 
dicitis was  introduced  to  us:  the  one  in  1869  and  the  other  in 
1883.  Special  reference  will  have  to  be  made  to  the  former.  In 
the  latter  repeated  attacks  showed  that  this  ^'  uncouth''  term,  as 
Treves  calls  it,  could  be  applied  to  them. 

Beside  these  hereditary  cases  tabulated,  one  other  family  has 
come  under  my  observation;  two  tif  my  medical  friends  have  nar- 
rated their  observations  to  me,  but  I  hope  to  be  able  to  verify  the 
heredity  of  the  disease  without  taking  these  into  consideration. 

I  have  three  tables  to  present  for  your  consideration,  the  first 
one  representing  four  generations,  with  the  following  family  his- 
tory :  Mother  and  father  emigrated  to  this  country  from  Grermany 
early  in  life,  the  father  being  a  very  successful  merchant,  and  dying 
at  the  age  of  seventy-three  years;  the  mother,  an  intelligent,  good 
housewife,  dying  at  seventy,  of  diabetes  mellitus.  There  is  no  his- 
tory of  appendicitis  in  this  generation  or  of  anything  that  can  be 
considered  such.  There  were  born  to  this  couple  five  children, 
two  males  and  three  females.  Of  the  two  sons  one  was  a  physician 
(No.  5),  who  died  at  forty-two  years,  of  myocardial  insufficiency; 
the  other  (No.  3)  is  a  merchant,  fifty-seven  years  of  age,  who  also 
has  a  valvular  cardiac  lesion.  Of  the  three  daughters,  one  (No. 
6)  died  of  diabetes  mellitus,  at  forty-five  years  of  age;  the  oldest 
one  (Xo.  4),  at  fifty-three  years  of  age,  has  a  combined  cardiac 
lesion,  insufficiency  of  the  aortic  and  mitral  valves.     The  remain- 


HEREDITY    OF    APPENDICITIS.  101 

ing  daughter^  outside  of  obesity,  is  well,  at  forty-four  years  of  age. 
They  all  have  migraine.  All  three  married  merchants  who  have 
not  been  sucoessf ul.  All  the  members  of  this  generation  have  suf- 
fered from  nervous  dyspepsia;  all  more  or  less  neurotic,  whether 
as  the  result  of  race  or  external  causes  I  am  not  prepared  to  say. 
Diabetes  mellitus,  obesity,  and  valvular  lesions  of  the  heart,  the 
latter  especially  in  connection  with  arteriosclerotic  changes  (present 
in  Xos.  3  and  4),  would  lead  us  to  think  of  those  conditions  summed 
up  under  the  head  of  gout.  In  none  of  the  members  of  this  genera- 
tion has  there  ever  been  any  condition  even  simulating  appendicitis, 
yet  the  fact  must  not  be  lost  sight  of  that  in  all  of  them  there  was 
some  trouble  with  the  gastrointestinal  tract,  notably  irregularity  of 
the  bowels.  In  the  third  generation  we  find  fifteen  members,  with 
five  cases  of  appendicitis  (Nos.  9,  13,  14,  17,  18),  two  of  whom  are 
males  and  three  females.  Of  this  number,  three  (Nos.  9,  13,  17) 
were  under  my  care  in  one  or  another  attack;  the  other  two  (Xos. 
14,  18)  were  reported  to  me.  It  will  be  observed  that  the  five  cases 
are  distributed  in  such  manner  that  two  brothers  and  sisters  are 
affected  in  two  instances;  and  in  the  third  it  is  a  cousin,  the  chil- 
dren of  two  daughters  and  one  son  (Nos.  3,  4,  6)  of  the  second  gen- 
eration with  diabetes  mellitus  and  cardiac  troubles.  The  history 
of  the  attacks,  in  brief,  is  as  follows: 

No.  9,  a  boy  now  fourteen  years  old,  always  more  or  less  con- 
stipated, had  an  attack  of  intestinal  obstruction  as  an  infant,  at 
nine  years,  and  at  eleven  he  had  attacks  of  mild  appendicitis  end- 
ing in  resolution,  and  has  been  well  since. 

No.  13,  at  the  age  of  ten  years  had  an  ordinary  attack  of  appen- 
dicitis ending  in  resolution  (Treves),  following  an  extraordinary 
indiscretion  in  diet,  from  which  she  recovered  just  in  time  to  be 
saved  from  operative  interference.  She  had  attacks  at  eleven,  twelve, 
thirteen,  and  fourteen  years,  usually  in  the  spring  of  the  year.  She 
is  now  twenty-five  years  of  age,  has  not  had  an  attack  for  eleveu 
years^  and  is  perfectly  well. 

No.  13  had  the  same  kind  of  an  attack  at  eighteen  years  of  age, 
from  which  she  did  not  recover  as  to  general  health  and  localized 
swelling,  so  that  she  was  operated  upon  seven  months  after  the 
attack,  and  is  now  twenty-three  years  of  age,  and  perfectly  well. 

Of  the  two  children  of  No.  6,  the  male  had  his  first  attack  of 
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ordinary  appendicitis  at  twelve  years  of  age.  Attacks  occurred 
daring  his  twelfth,  thirteenth,  and  fourteenth  year.  In  the  last 
year  he  was  operated  upon.  He  is  now  twenty-two  years  of  age 
and  well. 

The  female  had  appendicitis  at  twelve  to  fourteen  and  sixteen 
years  of  age.  She  is  now  twenty-three,  married,  the  mother  of  a 
child,  and  well.  Curiously  enough,  the  one  operated  upon  remains 
constipated,  and  the  other  has  no  diiHculty  in  this  direction. 

It  is  interesting  to  note  here  that  two  cousins  (children  of  the 
father's  brother)  have  had  recurring  appendicitis. 

In  the  fourth  generation  there  are  as  yet  only  three  members, 
too  young  and  not  sufficiently  numerous  to  play  any  great  role  so 
far  as  appendicitis  is  concerned. 

To  summarize :  We  have  here  a  family  of  twenty-five  members, 
five  of  whom  have  had  appendicitis,  of  which  four  were  relapsing 
and  one  was  operated  upon  after  the  first  attack.  Of  the  four  with 
relapsing  form  only  one  has  been  operated  upon;  the  other  three 
have  been  free  from  relapses  three,  seven,  and  eleven  years  respec- 
tively.    There  was  no  mortality. 

Strictly  speaking,  the  term  heredity  must  be  confined  to  such 
conditions  as  are  transmitted  from  one  generation  to  another,  in 
which  sense  of  the  word  there  is  no  heredity  in  this  family ;  but 
that  condition  which  is  called  *^  familiar"  by  the  Germans,  and 
which  has  been  translated  into  English  by  some  authors  as  familiar. 
This  condition  is  the  one  that  Treves  refers  to  when  he  says  ^'  that 
the  association  of  this  affection  in  families  is  not  so  often  that  of 
parent  and  child  as  of  brother  and  sister."  This  has  seemed  to 
me  to  be  the  most  common  coincidence. 

Table  II.  presents  a  family  composed  of  fifty-two  members,  in 
three  generations.  All  the  members  in  the  first  and  second  gen- 
eration have  lived  in  affluence,  and  their  life  has  been  spent  in 
managing  their  estates,  combined  with  such  employment  as  was 
congenial  to  them.  The  ancestry  of  both  Xos.  1  and  2  is  American 
— L  e,y  as  much  as  any  can  be  American,  the  ancestry  on  both  sides 
coming  from  Virginia  for  four  generations  and  probably  from  Eng- 
land before  this  time. 

No.  1  died  of  the  consequences  of  an  enlarged  prostate  gland,  at 
seventy-four  years  of  age,  his  father  having  died  of  colic  at  seventy- 
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8ix;  his  wife  died  of  senile  marasmus;  she  had  all  her  lifetime  been 
subject  to  constipation. 

No.  3y  the  oldest  son,  an  author,  died  of  a  malignant  tumor 
arising  from  between  the  bladder  and  the  rectum. 

No.  4,  an  active  man  of  affairs,  had  Bright' s  disease,  arterio- 
sclerosis, and  died  in  his  first  attack  of  angina  pectoris,  at  fifty- 
eight  years 

No.  5,  male,  a  writer  on  a  subject  upon  which  he  is  considered 
authority,  has  arteriosclerosis,  is  a  neurasthenic  and  alcoholic,  and 
is  fifty-nine  years  of  age. 

No.  6,  male,  a  graduate  in  medicine,  has  arteriosclerosis,  is 
neurasthenic,  alcoholic,  and  has  had  two  attacks  of  mild  appen- 
dicitis, one  at  fifty-three  years  and  another  recently  (at  fifty-nine 
years). 

No.  7,  a  male,  aged  fifty-seven  years,  has  managed  the  estate  of 
his  father  until  comparatively  recently;  he  is  extremely  emotional, 
and  has  had  at  least  two  severe  attacks  of  neurasthenia. 

No.  8,  male,  aged  forty-nine  years,  a  graduate  in  medicine,  neu- 
rasthenic, had  an  attack  of  appendicitis,  with  suppuration,  when 
eighteen  years  of  age.  The  abscess  was  opened  into  the  bowel,  as 
the  result  of  an  examination  by  Simon's  method,  the  introduction 
of  the  hand  and  as  much  of  the  arm  as  possible  into  the  rectum. 
He  has  since  had  two  ischiorectal  abscesses;  he  has  vascular  disease 
and  is  always  constipated. 

No.  9,  male,  aged  forty-seven  years,  has  had  a  severe  attack  of 
melancholia;  is  always  constipated,  and  has  had  one  mild  attack  of 
appendicitis  at  thirty-nine  years  of  age. 

No.  10,  male,  aged  forty-five  years;  is  also  extremely  neurotic 
and  constipated. 

No.  11,  a  male,  an  imbecile,  died  at  thirty  years,  of  measles. 

In  this  generation  we  find  nine  members,  all  males,  characterized 
by  the  two  extremes  of  intellectuality,  the  first  six  of  more  than 
average  capabilities,  the  last  three  falling  away  very  quickly  from 
this  characteristic  until  the  last  one  is  reached,  who  is  an  imbecile. 
All  the  members  of  this  family  are  affected  by  some  neuropathic 
taint,  beside  which  they  are  a  '^bilious"  family — with  all  that 
this  includes — they  can  be  considered  gouty,  in  the  clinical  sense 
of  the  word.     Four   of  them  had   arteriosclerosis  and  one  had  a 
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malignant  tumor  developing  near  the  lower  end  of  the  gastrointes- 
tinal tract.  Finally,  we  have  two  members  who  have  had  appen- 
dicitis. 

In  the  third  generation  we  have  twenty-nine  members,  with  the 
following  histories: 

Xo.  12,  a  male,  and  No.  13,  a  female,  present  nothing  abnormal. 

No.  14,  a  man  of  good  business  qualifications,  absolutely  free 
from  nervousness  of  any  sort. 

No.  15,  female,  now  thirty-one  years  of  age,  has  had  three 
attacks  of  mild  appendicitis,  at  twenty-two  to  twenty-three  and 
twenty-four  years  of  age;  she  always  has  been  constipated. 

Xo.  16,  a  female,  died  in  her  first  attack  of  appendicitis,  at  fifteen 
years  of  age. 

Xo.  17,  a  female,  died  of  typhoid  fever,  at  twenty  years  of  age. 

Xo.  18,  a  male,  not  neurotic,  but  bilious,  is  thirty-two  years  of 
age. 

No.  19,  a  male,  aged  twenty-six  years. 

No.  20,  a  male,  neurotic  and  alcoholic. 

No.  21,  a  female  child,  died  at  age  of  four  years,  of  measles. 

No.  22,  a  female,  aged  thirty-four  years,  has  had  two  attacks  of 
mild  appendicitis,  at  eighteen  and  twenty  years  of  age. 

No.  23,  a  male,  aged  thirty-two  years,  is  a  paranoiac,  confined 
in  an  asylum. 

Of  the  next  group,  Nos.  24  to  29,  I  can  only  report  that  they 
are  not  robust  children,  and  that  No.  26,  a  female,  has  had  three 
attacks  of  appendicitis,  at  the  ages  of  ten,  eleven,  and  twelve  years 
respectively,  from  which  she  seems  to  have  recovered  completely; 
and  that  No.  28  was  successfully  operated  upon  for  relapsing  appen- 
dicitis when  twelve  years  of  age. 

In  the  next  group,  Nos.  30,  31,  and  32,  we  find  evidences  of 
neuroses,  but  no  appendicitis. 

The  children  of  X"o.  8  are  healthy  as  far  as  bowel  complications 
are  concerned. 

Group  Nos.  36,  37,  and  38  represents  three  females,  all  more  or 
less  neurotic,  the  oldest  one  having  had  appendicitis  twice,  once  at 
eleven  years  of  age  and  again  at  twelve  years,  in  both  instances  as 
tlie  result  of  gross  errors  in  diet.  She  is  now  nineteen  years  of 
age,  and  has  not  had  an  attack  for  seven  years. 
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The  children  of  No.  10:  the  girl  is  most  obstinately  constipated, 
the  boy  is  neurotic. 

In  this  generation  we  have  six  members  who  have  had  appen- 
dicitis, with  one  death;  three  of  these  cases  occurring  in  children  of 
two  fathers  who  have  had  appendicitis,  showing  thus  that  appendi- 
citis may  be  hereditary. 

In  the  fourth  generation  we  have  eleven  members;  Nos.  41,  42, 
43,  and  44  each  have  a  tendency  to  bowel  trouble,  42  having  had, 
in  addition,  a  dilated  stomach. 

Group  Nos.  49,  50,  51,  and  52  are  all  neurotic,  with  tendency  to 
constipation  and  repeated  gastric  attacks.  As  far  as  appendicitis 
is  concerned,  this  generation  presents  no  cases.  This  would  be  the 
case  on  the  doctrine  of  chance,  as  appendicitis  is  exceedingly  rare 
ander  five  yeara  of  age,  only  five  members  being  older  than  five 
years,  and  among  these,  according  to  large  statistics,  only  10  ])er 
cent,  ought  to  have  appendicitis  (Pribram). 

In  this  family  the  hereditary  predisposition  to  appendicitis  comes 
from  the  father's  side — No.  1.  The  fatal  colic  of  his  father  may 
mean  much  or  nothing,  but  as  I  have  known  all  the  relatives  of  the 
mother's  side  (No.  2)  and  their  descendants,  this  conclusion  seems 
inevitable.  There  have  been  in  all  nine  cases  of  appendicitis — 17 
per  cent,  of  the  whole  family — of  which  one  was  fatal,  one  suppu- 
rative, one  mild,  and  six  relapsing. 

Table  III.  shows  four  generations  of  a  New  England  family 
whose  medical  history  differs  very  much  from  that  of  the  two 
families  discussed  before. 

In  the  first  generation  we  find  three  members,  since  it  happens 
that  the  male  member  was  twice  married.  Under  these  circum- 
stances it  is  not  difficult  to  judge  from  whom  the  appendicitis  was 
inherited.  The  male  member  of  the  first  generation  was  a  man 
of  splendid  physique,  of  great  intellectual  power,  by  profession  a 
lawyer,  who  had  served  his  country  in  various  capacities,  filling  the 
highest  offices  with  distinction ;  he  died  at  the  age  of  seventy-seven 
years,  of  an  enlarged  prostate  gland,  having  for  four  years  previ- 
ously suffered  from  senile  heart ;  his  first  wife  died  of  pneumonia, 
at  thirty-five  years;  his  second  wife  is  healthy  at  seventy-four 
years,  even  to  the  degree  of  having  recovered  from  an  influenza 
pneamonia  at  seventy-three  years  of  age.     In  the  second  genera- 
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tion  there  are  seven  members,  the  two  oldest  being  the  children 
by  the  first  wife;  of  these  the  oldest,  a  male,  aged  fifty-four  years 
(No.  3),  a  man  of  large  enterprises,  who  claims  to  have  been 
regular  as  to  his  bowels,  has  had  an  attack  of  suppurative  appen- 
dicitis, at  forty-seven  years,  for  which  he  was  operated  upon,  and 
is  well. 

The  next  oldest  (No.  4),  a  male,  a  lawyer,  died  of  tuberculosis 
of  the  lungs,  at  forty-six  years.  He  had  never  had  any  trouble 
with  his  alimentary  canal,  but  was  neurotic. 

The  first  child  (No.  5)  of  the  second  wife  died  in  infancy,  of 
^*  summer  complaint.^' 

No.  6,  a  male,  aged  forty-six  years,  a  lawyer,  who  has  even  at 
his  present  age  already  outstripped  his  father  as  to  the  number  and 
character  of  positions  held,  is  a  man  of  most  excellent  health  in 
every  respect. 

No.  7,  a  male,  a  lawyer,  aged  forty-one  years,  whom  I  do  not 
know,  is,  I  am  told,  a  good  specimen  in  every  respect. 

No.  8  is  thirty-niue  years  of  age,  the  head  of  a  large  school  for 
boys,  and  healthy. 

No.  9,  a  female,  aged  thirty-six  years,  had  her  first  attack  of 
appendicitis — *^the  ordinary  form,  ending  in  resolution'' — when 
she  was  eighteen  years  of  age;  another  of  the  same  type  at  twenty, 
and  a  third  at  twenty- one  years.  I  am  informed  that  she  has  had 
no  attacks  since  that  time.  In  addition,  she  has  a  tendency  to 
phthisis  pulmonalis,  which  has  never  developed. 

We  have,  then,  in  this  generation  six  surviving  memberr«,  whose 
general  characteristics  can  be  summed  up  as  follows:  All  people 
of  great  physical  as  well  as  intellectual  development,  as  far  as  the 
males  are  concerned,  with  the  exception  of  the  one  who  died  of 
phthisis  pulmonalis  and  had  a  psychosis  due  to  heredity  on  the 
mother's  side  of  the  family.  Of  the  males,  one  has  had  a  severe 
type  of  appendicitis,  and  the  female  the  relapsing  form. 

In  the  third  generation  we  find  all  of  the  children  of  No.  3 
having  had  appendicitis. 

No.  10,  a  female,  has  had  two  mild  attacks,  at  seventeen  and  at 
nineteen  years  of  age,  and  has  been  well  since. 

No.  11,  a  male,  died  of  typhoid  fever  at  sixteen  years,  having 
had  a  very  severe  attack  of  appendicitis  at  thirteen  years  of  age. 
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No.  12y  a  male,  aged  tweuty  years,  had  two  mild  attacks  of 
appendicitis,  at  fourteen  and  fifteen  years  of  age. 

No.  13,  a  female,  aged  eighteen  years,  has  had  three  attacks  of 
mild  appendicitis,  beginning  at  seventeen  years. 

No.  14,  a  male,  aged  twenty-four  years,  a  confirmed  neuras- 
thenic, had  an  ordinary  attack  ending  in  resolution,  as  a  complica- 
tion of  influenza,  at  twenty-two  years  of  age. 

The  children  of  No.  7,  whose  mother  is  the  sister  of  the  wife  of 
No.  9  in  Table  IJ.,  are  splendid  specimens  in  every  respect. 

The  children  of  No.  8  have  never  come  under  my  observation, 
but  I  am  told  they  are  healthy. 

We  have,  then,  in  this  generation  five  attacked  by  appendicitis; 
two  of  the  ordinary  form,  ending  in  resolution,  and  three  mild, 
relapsing  cases,  all  ending  in  recovery.  There  is  in  this  family 
history  nothing  that  presents  itself  as  being  predisposing  to  appen- 
dicitis in  itself.  In  the  first  generation  we  have  one  case  of  tuber- 
culosis, which  must  be  looked  upon  as  a  terminal  affection  to  the 
psychosis;  and  another  member,  a  female,  who  has  had  a  predis- 
position to  tuberculosis,  which  has  never  developed.  All  the  other 
members  in  this  as  well  as  the  succeeding  generation  have  been 
absolutely  free  from  any  tubercular  manifestations  even  as  chil- 
dren; a  most  remarkable  hereditary  tendency  is  apparent,  in  that 
all  the  children  of  No.  4  have  had  appendicitis. 

In  this  whole  family  there  have  been  seven  cases  of  appendicitis 
out  of  twenty-two  members — 33  per  cent. — one  purulent,  two  of 
the  ordinary  type  ending  in  resolution,  and  four  relapsing  cases. 

If  we  take  into  consideration  those  factors  that  may  predispose 
to  api>endicitis  by  heredity,  the  fact  naturally  obtrudes  itself  that 
there  may  be  remote  and  local  causes,  or  both  together.  Certainly 
the  local  cause  or  condition  is  the  one  of  most  importance,  and  here 
we  must  look  to  the  appendix  itself. 

It  is  a  rudimentary  organ,  and  as  such  has  less  resistance  to  dis- 
ease than  one  not  undergoing  involution. 

It  is  rudimentary  not  only  because  it  has  lost  its  functional 
value  in  the  human  being,  but  also  because  it  does  not  retain  what 
little  function  it  possesses  as  late  in  life  as  fully  developed  organs, 
as  is  shown  by  the  disappearance  of  its  Lieberkiihn's  follicles  and 
its  adenoid  tissue  (Pribram). 


103  FORCHHEIMER, 

It  is  of  importance  to  note  that  its  mucosa  is  well  developed  and 
its  submucosa  comparatively  more  developed  than  in  any  other 
part  of  the  intestine.  Its  muscular  coat  is  especially  well  devel- 
oped, notably  the  inner  layer  of  its  circular  fibres,  but  in  regard  to 
the  functional  activity  of  these  layers  much  diversity  of  opinion 
exists.  That  peristalsis  does  occur  cannot  be  doubted.  It  has 
been  seen  too  often,  both  during  operations  and  several  times  after 
the  removal  of  the  appendix.  That  it  is  adequate  to  empty  the 
appendix  must  be  doubtful  (Treves),  and  notably  in  appendices 
that  have  been  diseased.  The  blood-supply  is  inadequate,  and  the 
nerve-supply  may  be  anatomically  normal  but  physiologically  under 
par,  as  is  the  case  in  all  muscular  rudimentary  tissues.  In  its  rela- 
tion to  the  cecum  there  are  several  conditions  that  may  be  affected 
by  hereditary  transmission.  Gerlach's  valve  may  be  disregarded; 
its  existence  is  denied  by  Clado,  and  Laffargue  (Tuffert)  was  only 
able  to  find  it  twice  in  200  autopsies. 

It  has  been  shown  that  there  is  a  contraction  where  the  appendix 
joins  the  cecum  (Hodenpyl,  and  Ribbert  found  it  in  25  per  cent,  of 
all  his  autopsies),  this,  according  to  Ribbert,  Woelfler,  and  others, 
is  to  be  looked  upon  as  an  evidence  of  involution,  and  not,  in  the 
majority  of  instances,  as  the  result  of  pathologic  change.  This 
malformation  may  prevent  entrance  from  the  cecum  and  exit  from 
the  appendix;  but,  under  all  circumstances,  it  seems  not  to  be  so 
complete  as  to  prevent  the  entrance  of  air  from  the  cecum  into  the 
appendix  (Williams).  Williams  states,  in  addition,  that  ^'  from 
its  position  in  a  pocket-like  cavity  it  is  accessible  to  pressure  from 
an  impacted  bowel.  ^' 

Again,  the  position  and  direction  of  the  appendix  may  be  affected 
by  heredity;  this  is  of  importance  on  account  of  the  fact  that  a  dis- 
torted appendix  is  more  liable  to  inflammation  than  one  whose  lumen 
is  not  affected;  and,  furthermore,  that  an  appendix  may  empty  itself 
more  readily  when  assisted  by  the  action  of  the  law  of  gravity. 

The  length  of  the  appendix,  again,  is  of  importance,  varying 
from  2.5  cm.  to  21  cm.  (Ribbert)  or  30  cm.  (Talamon)  in  length ; 
an  hereditarily  long  appendix  would  find  it  more  difficult  to  empty 
itself  than  one  very  short,  it  having  been  showu  that  the  longer  the 
appendix  the  more  frequently  does  appendicitis  occur  (Hodenpyl). 

The  same  may  be  said  of  its  lumen;  the  greater  its  lumen  the 
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greater  the  chance  for  inflammation.  There  may  be  a  something 
indefinable  which  tends  to  disease  in  this  neighborhood  by  reducing 
resistance,  as  I  have  seen  in  one  family,  in  which  the  father  died 
of  an  epithelioma  of  the  cecum,  his  daughter  having  had  relapsing 
appendicitis  and  her  son  an  ordinary  attack  of  appendicitis  after 
influenza. 

Talamon  recites  the  case  of  two  brothers,  one  of  whom  died  of 
appendicitis;  in  the  other  the  right  testicle  had  not  descended  until 
he  was  fourteen  years  of  age;  he  had  an  inguinal  hernia,  with  a 
large  canal,  and  was  attacked  with  appendicitis  at  seventeen  years. 
The  author  suggests  that  this  appendicitis  may  have  been  due  to  a 
vice  of  development  of  the  appendix.  However  this  may  be,  from 
what  has  been  stated,  the  conclusion  is  inevitable  that  the  appendix 
must  be  looked  upon  as  a  veritable  ^Mocus  minoris  resistentia;.'' 
In  a  general  sense  all  cases  of  appendicitis  have  an  hereditary  origin 
in  that  in  all  human  beings  the  appendix  is  a  rudimentary  organ; 
but,  specifically,  the  appendix  has  an  inherent  amount  of  resistance 
which  may  be  easily  overcome  by  remote  causes. 

First  among  these  must  be  considered  disturbances  of  the  gastro- 
intestinal tract,  all  those  conditions  which  lead  to  catarrhal  condi- 
tions of  the  alimentary  canal,  either  with  or  without  mechanical  or 
chemical  irritations  (foreign  bodies,  errors  of  diet,  etc.);  all  those 
leading  to  constipation  more  or  less  developed  (present  in  about  65 
per  cent,  of  all  cases  of  appendicitis)  and  producing  appendicitis 
either  directly  by  preventing  the  emptying  of  the  appendix  or  by 
causing  irritative  conditions  of  the  head  of  the  colon  which  extend 
to  the  appendix. 

Infectious  diseases,  tuberculosis,  actinomycosis,  influenza,  acute 
articular  rheumatism,  typhoid  fever,  general  infection  with  pus 
producers  may  be  considered  as  rarer  remote  causes  of  appendicitis, 
but  only  remotely  affecting  heredity,  and  some  not  at  all. 

There  must,  furthermore,  be  some  connection  between  irritative 
processes  the  result  of  the  action  of  chemical  bodies  that  are  found 
in  the  feces,  either  as  the  result  of  digestive  changes  or  as  the  result 
of  elimination  into  the  intestine,  and  appendicitis. 

Unfortunately,  it  is  at  present  impossible  to  prove  this  statement 
by  direct  chemical  examination;  but  as  the  result  of  chronic  gastro- 
intestinal autoinfection,  so  commonly  connected  with  that  clinical 
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picture  called  lithemia,  or  goutiness,  gastrointestiual  sjmptoms  are 
the  rule.  It  is  difficult  to  determine  whether  these  ai'e  the  result 
of  trouble  with  the  nervous  system  or  whether  certain  nervous  con- 
ditions are  produced  by  the  condition  of  the  gastrointestinal  tract; 
but,  in  either  instance,  derangement  of  the  nervous  mechanism  of 
the  bowel  may  be  properly  considered  a  remote  cause  of  appendi- 
citis. 

Lastly,  we  must  take  into  consideration  ethnologic  causes.  The 
statement  has  been  made  that  appendicitis  is  rare  in  the  negro  and 
absent  in  Japan.  Ashmead  ascribes  as  accounting  for  this  in  the 
Japanese  the  peculiarities  of  diet,  especially  the  absence  of  meat, 
and  states  that  the  small  intestine  is  longer  in  the  Japanese  than  in 
the  European. 

Taking  all  these  factors  into  consideration,  it  may  be  possible  to 
<;ome  to  some  conclusion  regarding  the  production  of  appendicitis 
in  the  families  referred  to  before. 

Ethnologic  causes  can  be  excluded,  although  Talamon  says  appen- 
dicitis is  especially  common  in  Anglo-Saxons;  the  first  family  is 
not  Anglo-Saxon,  and  the  others,  while  living  in  this  country  for  a 
great  many  generations,  are  probably  not  to  be  considered  as  pure 
Anglo-Saxons.  In  addition,  the  statement  of  Talamon  must  be 
accepted  with  considerable  doubt  as  to  its  correctness. 

In  the  first  family  we  have  a  train  of  symptoms  going  through 
all  the  members  of  the  second  generation,  those  of  gastrointestinal 
troubles,  associated  with  symptoms  on  the  part  of  the  nervous  sys- 
tem and  circulatory  apparatus;  in  the  third  generation  we  have 
appendicitis.  The  third  generation  is  not  old  enough  to  have  suf- 
fered physically  from  the  general  disturbances  which  they  have 
inherited,  except  in  so  far  as  to  have  a  local  manifestation  of  these 
in  the  form  of  appendicitis,  to  which  they  are  naturally  predisposed. 

In  the  second  family  it  is  possible  that  the  father  of  No.  1  had 
appendicitis;  certainly  he  had  bowel  trouble.  Both  the  father  (1) 
and  the  mother  (2)  had  constipation;  all  the  members  of  the  second 
generation  had  some  gastrointestinal  disturbance.  They  are  lib- 
eral in  their  indulgences,  food,  and  drink  ;  they  are  mentally 
active,  except  the  last  three  members;  some  of  them  have  had  neu- 
rasthenia, melancholia,  and  in  every  respect  they  would  be  looked 
upon  as  lithemic,  and  three  members  have  had  appendicitis.     In 
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the  third  generatioD  constipation  is  the  rule,  and  in  the  fourth 
generation  there  have  been  two  cases  of  gastriectasis.  It  seems 
here  that  we  must  accept  some  inherent  weakness  of  the  bowel,  as 
a  whole,  a  deficiency  in  development  of  the  muscularis,  some  defect 
in  nerve  function,  or,  possibly,  some  inherited  form  of  vicious 
metabolism  plus  the  inherited  condition  of  the  appendix. 

In  the  third  family  there  is  nothing  of  general  predisposition  ex- 
cept possibly  in  the  female,  where  tuberculosis  might  be  suspected, 
the  constipation  in  some  of  the  members  of  the  third  generation 
being  explained  by  the  condition  of  the  ap|)endix.  Here  we  are 
dealing  with  a  local  predisposition  of  which  it  is  impossible  to  state 
the  precise  character. 


DISCUSSION. 


D&.  Blackadeb  :  I  would  like  to  report  a  case,  but  I  must  give  it  from 
memory,  as  1  am  not  prepared  to  discuss  the  question.  About  twenty  years 
ago  I  saw  in  a  family  of  eight  children,  four  boys  and  four  girls,  a  fatal  case 
of  appendicitis  in  one  of  the  boys.  Three  years  later  one  of  the  brothers  was 
attacked,  and,  as  the  operation  was  not  then  so  much  in  vogue,  I  had 
difficulty  in  securing  the  operation  until  it  was  too  late— a  third  case  in  that 
family,  but  too  late  for  safety,  although  it  was  done  in  twenty-four  hours  of 
the  first  apparent  symptoms.  The  mother  had  an  attack  of  appendicitis 
during  pregnancy,  abortion  occurred,  operation  was  performed,  but  she  died. 
I  have  since  learned  from  the  father  that  in  the  family  of  the  wife's  brother 
two  members  had  died  of  appendicitis,  which  makes  a  remarkable  list  of 
cases  in  one  family.  This  family  was  distinctly  neurotic,  but  without  any 
special  features  that  I  recall. 

Da.  Jacobi:  I  know  of  half  a  dozen  families  in  which  there  have  been  a 
certain  number  of  cases  of  appendicitis.  Id  the  family  of  a  friend  where 
there  are  four  children,  all  of  them  grown  up,  there  have  been  two  cases  of 
appendicitis  operated  upon.  In  the  family  of  a  physician  in  New  York  City, 
where  there  are  three  children,  one  has  been  operated  on  for  appendicitis, 
one  has  shown  symptoms  of  the  disease,  and  the  mother  has  appendicitis. 
In  the  family  of  another  physician,  two  girls,  of  seven  and  of  eleven  years, 
were  lately  operated  upon  within  two  weeks.  I  could  report  a  number  of 
others,  and  I  have  never  had  the  slightest  doubt  that  in  certain  families  there 
occur  a  number  of  cases,  no  matter  what  the  cause  is. 

Dr.  Forchheimer  :  Since  coming  to  Washington  I  have  been  able  to  find 
several  other  instances  of  the  family  character  of  appendicitis.    Dr.  Shattuck 
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gave  me  the  history  of  two  families,  and  I  am  sure  the  hereditary  appearance 
of  the  disease  must  be  a  common  matter.  The  trouble  is,  that  medical  men 
have  not  gone  into  the  subject  as  thoroughly  as  the  surgeon,  although  it  is  a 
medical  matter.  It  seems  to  me  that  the  hereditary  tendency  of  appendicitis 
must  be  of  great  importance  to  the  physician  especially ;  it  is  he  who  is  first 
called ;  he  is  the  one  who  sees  the  rudimentary  attacks,  and  he  is  expected  to 
treat  them.  If  the  physician  takes  into  consideration  the  condition  under- 
lying the  heredity  of  the  disease  he  can  do  much  to  prevent  further  attacks, 
possibly  to  save  operations.  I  have  found  some  statistics  which  tend  to  show 
tKis  hereditary  tendency  in  families  to  the  extent  of  40  per  cent.,  a  much 
larger  percentage  than  I  have  found  in  my  cases. 


THE    IMPORTANCE    OF    A   RECOGNITIOX    OF    THE 

SIGXIFICANCE  OF   EARLY  TUBERCULOSIS 

IN  ITS  RELATION  TO  TREATMENT. 


By  E.  L.  TRUDEAU,  M.D., 

OF   SARANAC  LAKE,  N.  Y. 


It  would  seem  almost  unnecessary  to  emphasize  the  importance 
of  loakiug  an  early  diagnosis  in  tuberculosis.  To  reach  a  positive 
conclusion  before  the  disease  has  caused  extensive  lesions  or  seri- 
ously impaireil  the  patient's  resistance,  or  before  a  simple  tubercu- 
lous deposit  in  the  lungs  has  become  complicated  by  secondary 
infection,  is  obviously  a  matter  of  vital  importance  to  the  patient. 
The  records  of  the  autopsy-table  and  the  clinical  results  noted  in 
truly  incipient  cases  where  intelligent  and  radical  measures  are 
applied  at  once  bear  ample  evidence  to  the  curability  of  the  in- 
cipient stages  of  the  disease,  while  the  terrible  fatality  of  the  malady 
after  it  has  seriously  impaired  the  general  health  needs  no  comment. 

The  results  obtained  at  sanatoria  have  demonstrated  not  only  that 
the  disease  is  curable,  but  that  it  is  curable  in  direct  proportion  to 
the  stage  at  which  the  treatment  is  applied.  The  published  rejwrts 
of  the  Adirondack  Cottage  Sanitarium  show  conclusively  the  value 
of  an  early  diagnosis.  During  the  years  1897,  1898,  and  1899,  of 
113  incipient  cases  82,  or  72  per  cent.,  were  discharged  from  the 
institution  apparently  cured,  while  of  151  advanced  cases  only  27, 
or  17.8  per  cent.,  recovered,  and  not  one  of  59  far  advanced  cases 
was  discharged  apparently  cured. 

No  doubt  the  diagnosis  of  incipient  tuberculosis  presents  often 
manv  difficulties.  Our  standard  as  to  what  constitutes  a  truly  in- 
cipient  case  should  constantly  be  made  more  rigid.  Persistent  slight 
cough,  with  loss  of  flesh  and  strength,  a  slight  afternoon  rise  of 
temperature  of  one-half  to  three-quarters  of  a  degree,  and  constant 
lassitude  are  symptoms  which,  even  without  any  appreciable  signs 
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on  physical  examination,  point  in  many  cases  to  incipient  tuber- 
culosis, but  which  are  too  often  disregarded.  Perhaps  too  much 
importance  is  attached  to  the  absence  of  any  abnormal  signs  in  the 
chesty  and  the  case  is  not  looked  upon  as  bemg  tuberculosis  until 
the  stethoscope  gives  ample  evidence  of  its  presence  in  the  lung ; 
and  yet  we  know  that  often  all  the  rational  symptoms  of  the  dis- 
ease are  present  long  before  the  lesions  can  be  detected  by  physical 
examination ;  that  miliary  tubercles  in  the  lung  may  give  no  appre- 
ciable signs,  and  that  physical  examination  cannot  be  expected  to 
detect  the  onset  of  tuberculous  infection  in  central  portions  of  the 
lungs  or  in  the  glands  and  deep  tissues  and  organs  of  the  body. 
Search  for  the  bacillus  should  be  begun  early  and  persisted  in  as 
long  as  any  doubt  as  to  the  diagnosis  exists.  Much  time  and  zeal 
are  wasted  in  the  meaningless  task  of  counting  the  number  of  bacilli 
as  a  guide  to  prognosis  which  would  be  employed  to  better  advan- 
tage for  the  patient  in  searching  for  the  bacillus  while  the  symptoms 
are  still  obscure.  The  microscope  has  been  of  invaluable  aid  in  the 
diagnosis  of  tuberculosis,  and  when  the  bacillus  is  found  there  is  no 
appeal  from  its  decision,  but  its  absence  from  the  expectoration  is 
not  necessarily  a  conclasive  criterion.  We  should  not  wait  always 
until  the  tubercle  bacillus  is  found,  for  it  is  of  immense  advantage 
to  the  patient  if  a  conclusion  can  be  reached  before  it  appears  in 
the  expectoration,  as  this  does  not  occur  until  ulceration  of  the 
tubercles  has  already  taken  place.  Too  much  stress  is  laid  upon 
the  negative  results  of  the  microscopic  examination,  and  much 
valuable  time  lost  on  this  account.  Repeatedly  I  see  cases,  begin- 
ning with  hemoptysis  and  some  failure  of  health — even  when  slight 
afternoon  temperature  is  present,  with  or  without  some  physical 
signs  in  the  chest — where  the  patient  is  assured  that  he  has  not 
tuberculosis  because  one  or  two  examinations  of  the  expectoration 
have  failed  to  reveal  the  presence  of  the  bacillus. 

In  the  great  majority  of  cases  a  consideration  of  the  history  of  the 
case  and  a  careful  study  of  the  rational  signs,  with  a  thorough  physi- 
cal examination  of  the  chest  and  a  microscopic  examination  of  any 
sputum  obtainable,  aided  by  a  careful  X-ray  examination  of  the 
patient  when  required,  will  enable  the  physician  to  make  an  early 
diagnosis.  If  this  cannot  be  done,  the  tuberculin-test  has  many 
times  helped  me  to  reach  a  conclusion,  and  either  to  reassure  the 
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patient  or  to  insist  on  prompt  and  radical  measures  of  treatment 
without  loss  of  time.  It  is  not  often  necessary  to  use  it,  but  its 
value  lies  in  the  fact  that  it  is  most  applicable  and  will  demonstrate 
the  presence,  and  give  corroborative  evidence  as  to  the  absence,  of 
a  tuberculous  process  in  the  body  in  just  that  class  of  incipient  cases 
where  the  usual  methods  of  diagnosis  fail.  It  is  in  the  detection  of 
incipient  tuberculosis  that  its  best  field  of  usefulness  lies.  Where 
any  marked  degree  of  fever  is  present  trom.  any  cause  it  is  less  reli- 
able, as  the  balance  of  the  heat-regulating  centers  in  such  cases  is 
already  disturbed,  and  the  injections  may  cause  fluctuations  of  tem- 
perature which  may  be  misleading.  In  my  experience  it  has  proved 
generally  reliable  and  free  from  any  ill  effects,  and  has  many  times 
enabled  me  to  insist  on  prompt  and  radical  measures  of  treatment 
months  before  a  conclusion  as  to  the  true  nature  of  the  disease 
could  have  been  reached  by  the  usual  methods.  Its  more  general 
application  in  place  of  the  waiting  policy  so  generally  resorted  to 
will,  in  skilful  hands,  warn  the  patient  and  the  physician  of  the 
real  danger  and  save  many  lives. 

A  diagnosis  of  truly  incipient  tuberculosis  would,  no  doubt,  be 
oftener  made  if  its  all-important  bearing  on  the  treatment  was  more 
fully  appreciated.  My  experience  in  going  over  the  histories  each 
year  of  many  hundred  of  consumptives  would  lead  me  to  believe 
that  the  grave  responsibility  which  rests  on  the  physician  of  detect- 
ing the  disease  in  its  very  earliest  stages,  and  the  significance  of  doing 
so  in  relation  to  successful  treatment,  are  not  generally  realized.  In 
the  great  majority  of  cases  valuable  time  (many  months  and  even 
years)  is  allowed  to  elapse  since  the  first  symptoms  of  ill  health 
appeared  before  the  patient  is  told  the  nature  of  his  disease  and 
urged  to  adopt  radical  measures  for  its  arrest  and  cure.  Too  often 
he  is  not  told  that  he  has  tuberculosis  until  he  can  no  longer  be 
deceived.  His  disease  is  labelled  grippe,  pleurisy,  bronchitis,  or 
malaria ;  he  is  informed  that  the  blood  came  from  his  throat,  until 
persistence  of  the  symptoms,  rapid  emaciation,  constant  cough, 
hectic  fever,  and  sweats  make  the  true  nature  of  his  malady  but 
too  apparent,  when  he  is  advised  to  give  up  his  occupation  and 
make  a  change  of  climate  or  seek  admission  to  a  sanitarium,  only 
to  find  that  the  proposed  change  is  of  little  avail  or  that  he  has 
applied  too  late  and  cannot  be  taken  at  an  institution. 
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Many  patients  who  come  under  ray  observation  far  advanced  Id 
consumption  have  been  advised  months  previously  that  they  were 
not  ill  etwnffh  to  make  a  change  of  climate  and  surroundings  neees> 
sary.  In  spite  of  every  efifort,  much  difficulty  is  experienced  in 
securing  incipient  cases  for  admission  to  the  Adirondack  Cottage 
Sanitarium,  and  70  per  cent,  of  applicants  give  histories  which 
make  it  evident  that  some  of  the  symptoms  of  tuberculosis  have 
been  present  for  from  one  to  three  years  before  they  were  advised 
to  apply  for  admission.  The  examiners  for  the  Massachusetts 
State  Hospital  for  the  Treatment  of  Tuberculosis  refuse  about  60 
per  cent,  of  all  who  apply  because  their  disease  is  too  far  advanced. 
About  the  same  proportion  is  refused  in  our  examinations  at  Saranac 
Lake,  and  of  the  remaining  40  per  cent,  admitted  not  more  than 
one-half  are  really  incipient  cases. 

Recently  a  gentleman,  a  member  of  this  Association,  who  for 
years  has  given  his  services  as  examiner  in  a  large  city  for  the 
Sanitarium,  made  to  me  the  mther  discouraging  statement  that  not 
a  single  really  incipient  case  of  tuberculosis  has  ever  been  referred 
to  him  for  examination.  These  facts  do  not  look  as  if  the  profes- 
sion was  very  generally  impressed  with  the  importance  of  an  early 
recognition  of  the  disease  or  its  significance  in  relation  to  treatment. 

The  real  difficulty  wliich  often  exists  in  making  an  early  diag- 
nosis, the  desire  of  the  patient  to  remain  at  home  as  long  as  pos- 
sible, the  apparently  mild  character  of  his  indisposition,  and  the 
disinclination  of  the  physician  to  alarm  him,  explain  in  a  great 
measure  the  waiting  policy  which  is  so  often  adopted.  The  diffi- 
culty of  making  a  diagnosis  is  not  always  responsible,  however,  for 
many  cases  show  from  the  first  symptoms  which  are  almost  unmis- 
takable, such  as  hemoptysis,  enlarged  lymph-nodes,  dry  pleurisy, 
\  ischiorectal  abscess,  or  night-sweats,   but  are  allowed  to  continue 

for  months  and  sometimes  for  years  without  a  knowledge  of  the 
true  nature  of  their  disease  or  urged  to  adopt  the  necessary  meas- 
ures for  its  arrest  and  cure. 

The  increased  opportunities  for  observation  enjoyed  by  physicians 
in  charge  of  siinatoria  have  already  made  very  evident  to  them  the 
significance  which  the  early  recognition  of  the  disease  bears  to  its 
successful  treatment.  At  the  Miussachusetts  State  Hospital  for 
the  Treatment  of  Tuberculosis  patients  are  admitted  from  the  list 
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of  those  who  have  passed  the  necessary  examination,  not  in  the  order 
in  which  they  have  applied,  bnt  according  to  their  physical  condi- 
tion, the  most  favorable  cases  for  treatment  being  taken  first.  Dr. 
Weicker,  at  the  Berlin  Congress,  stateil  tliat  at  his  sanatorium  near 
Goebersdorf,  of  the  cases  which  he  classes  as  "in  initial  state," 
and  which  were  discharged  as  cured  in  1896-97-98,  97  per  cent, 
were  still  at  work  on  January  1,  1899,  while  on  the  same  date,  of 
those  who  when  they  entered  the  sanatorium  were  classed  as  "  ad- 
vanced phthisis  with  destructive  process,"  and  discharged  during 
the  same  years,  77  per  cent,  were  dead. 

From  my  own  experience  I  foresee  that,  although  the  open-air 
method  and  sanitarium  regime  have  given  renewed  hope  in  the 
treatment  of  this  fatal  malady,  the  results  obtained  in  the  many 
institutions  now  projected  or  already  built  will  be  disappointing 
unless  the  all-important  bearing  of  an  early  diagnosis  in  the  suc- 
cessful treatment  of  the  disease  is  more  generally  realized. 


DISCUSSION. 

Dr.  McPhedran:  I  wish  Dr.  Trudeau  had  specified  more  particularly  in 
r^ard  to  these  slight  rises  iu  temperature,  for  I  find  that  a  good  many  physi- 
cians are  alarmed  by  an  afternoon  temperature  of  99^,  which  I  consider  quite 
normal.  I  would  like  to  ask  more  particularly  what  Dr.  Trudeau  means  by 
a  fever  of  0.5°. 

Db.  Trudeau  :  I  should  think  a  rise  to  99  or  99}°  in  the  evening,  more-or 
less  persistently,  though  irregularly,  had  some  meaning,  though,  of  course^ 
such  a  temperature  is  not  necessarily  the  result  of  tuberculosis.  I  was  im- 
pressed with  this  one  evening  while  going  through  the  wards  of  the  Boston 
City  Hospital  with  Dr.  Williams,  who  had  promised  to  show  me  a  pair  of 
normal  lungs  under  the  X-rays.  He  had  selected  a  boy  for  the  normal  speci- 
men, and  while  he  was  getting  ready  I  chanced  to  examine  his  bedside  chart 
and  noticed  that  a  fever  of  0.5°,  and  on  two  evenings  of  1°,  was  recorded.  I  told 
Dr.  Williams  that  if  we  had  that  boy  at  Saranac  Lake  we  would  suspect  tuber- 
culosis. He  took  the  boy  down  stairs  for  examination,  and  found  a  shadow  in 
the  right  lung  near  the  apex.  Physical  examination  disclosed  slight  dulness 
and  prolonged  expiration.  We  gave  the  boy  tuberculin  that  night  and  the 
next  day  he  showed  the  usual  reaction  in  a  temperature  of  103°. 

Dr.  Jacobi  :  Where  does  Dr.  Trudeau  generally  take  his  temperatures  ? 

Dr.  Trudeau  :  In  the  mouth. 
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Dr.  Jacobi  :  What  I  am  about  to  say  is  something  that  everybody  knows, 
but  perhaps  it  cannot  be  repeated  too  often — that  is,  that  taking  the  tem- 
perature in  the  mouth  is  unreliable.  In  some  patients  this  may  be  absolutely 
reliable,  but  in  most  of  them  it  is  not.  It  depends  upon  closing  the  lips  over 
the  thermometer  and  upon  the  condition  of  moisture  of  the  lips.  I  never  use 
it  in  the  mouth  without  telling  the  patient  to  wet  the  lips  thoroughly,  and 
even  then  I  find  that  the  air  may  sometimes  get  into  the  mouth.  There  ia 
only  one  place  to  take  the  temperature  reliably,  that  is  in  the  rectum,  and 
even  there  we  must  remember  that  there  is  a  difference  of  0.5°  between  the 
temperature  taken  just  inside  the  sphincter  and  that  taken  two  inches  higher 
up.  In  some  instances  it  is  easy  enough  to  introduce  the  thermometer  into 
the  yagina,  but,  as  a  rule,  the  rectum  is  to  be  preferred.  We  should  remem- 
ber, too,  that  the  normal  temperature  in  the  morning  and  in  the  evening 
differs  about  O.d^.  I  would  like  to  ask,  also,  what  are  the  doses  of  tuberculin 
the  doctor  generally  uses. 

Dr.  Trudeau  :  I  have  found  that  for  surgical  cases  you  need  rather  a 
larger  dose  than  for  visceral  tuberculosis.  The  reason  is,  probably,  that  the 
reaction  is  due  to  the  explosion  of  the  tuberculin  stored  in  the  lesions ;  and  in 
the  lungs,  where  the  lesions  are  scattered  and  surrounded  by  numerous  blood- 
vessels, the  reaction  is  much  quicker  than  occurs  with  lesions  in  the  bones 
or  where  they  are  localized  in  a  testicle  or  a  joint.  I  always  begin  with  one 
milligram,  follow  this  with  three,  and  then  six. 

Db.  Jacobi  :  I  am  very  sorry  I  have  to  speak  of  trite  matters,  but  there  is 
something  else,  namely,  the  finding  of  prolonged  expiration  and  dulness,  and 
the  finding  of  retraction  of  the  lung  at  the  apex ;  these  alone  certainly  do  not 
prove  anything.  It  may  be  simply  the  result  of  an  interstitial  pneumonia 
gone  through  with  when  very  young.  I  know  some  patients  that  I  observed 
with  pneumonia  in  childhood,  and  whom  I  know  now  as  adults,  who  show 
these  symptoms  as  the  result  of  that  pneumonia  and  not  the  result  of  tuber- 
culosis. Such  cases  must  certainly  give  Dr.  Williams  dark  shading  in  his 
X-ray  pictures,  for  in  such  .lungs  there  is  in  the  previously  diseased  area  a 
diminished  air  space  and  an  increased  amount  of  tissue. 

Dr.  Trudeau  :  Such  a  case  as  that  I  would  submit  to  the  tuberculin  test, 
and  we  have  had  several  cases  of  that  kind  where  tuberculosis  was  suspected, 
but  failed  to  show  up  under  this  test.  The  X-ray  cannot,  of  course,  differ- 
entiate between  a  tuberculous  and  non-tuberculous  consolidation. 
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By  henry  sew  all.  Ph.D..  M.D., 
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Since  the  brief  note  of  Oliver^  in  1878  announcing  the  occur- 
rence of  the  tracheal  tug  in  aneurysm  of  the  aorta,  and  the  method 
for  detecting  it,  the  value  of  the  phenomenon  as  a  diagnostic  sign 
has  been  somewhat  in  dispute.  Macdonnell,^  using  a  large  clinical 
experience,  committed  himself  to  the  statement  that  "  tracheal  tug- 
ging is  never  present  except  in  aneurysm."  Ewart,^  Toulmin,^  and 
others  have  found,  on  systematic  examination  of  persons  not  the 
subject  of  aneurysm,  that  a  more  or  less  pronounced  tracheal  tug 
is  present  in  a  large  proportion  of  cases,  and  Ewart  found  it  more 
common  in  males  than  in  females.  Auerbach*  and  others  have 
shown  that  the  presence  of  tumors  in  certain  situations  about  the 
aortic  arch  can  cause  the  tug,  and  Norris^  has  recently  reported  a 
case  in  which  the  sign  was  prominent,  without  postmortem  exam- 
ination revealing  physical  conditions  explaining  it. 

The  excuse  for  the  present  paper  is,  first,  that  the  deductions  here 
pref?ented  are  based  on  a  much  greater  number  of  cases  than  seems 
to  have  hitherto  been  applied  to  the  subject ;  second,  I  venture  to 
believe  that  a  satisfactory  explanation  of  the  tracheal  phenomenon 
both  in  physiologic  and  in  most  jmthologic  conditions  has  been 
demonstrated. 


»  Lancet,  1878,  vol.  U.  p.  406.  2  ibid.,  1891,  vol.  I.  p.  535. 

"  British  Medical  Journal,  1892.  vol.  1.  p.  596. 

*  Journal  of  the  American  Medical  AsMociation,  1897,  vol.  xxix.  p.  4. 

&  Abstract  in  American  Journal  of  the  Medical  Sciences,  March,  1901,  p.  340. 

•  American  Medicine,  March  20, 1901,  p.  108. 
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My  attention  was  first  definitely  directed  to  the  tracheal  tug  as  a 
diagnostic  sign  in  the  case  of  a  gentleman  who,  for  four  or  five  years 
preceding  his  death,  at  the  age  of  sixty,  had  suffered  from  a  purulent 
bronchitis,  in  the  abundant  expectoration  of  which  tubercle  bacilli 
could  only  be  demonstrated  during  the  last  year  of  life.  This  patient 
was  racked  by  paroxysms  of  a  loud,  rather  ringing  cough  ;  the  aortic 
heart-sound  was  much  accentuated  ;  the  pulmonary  signs  seemed  to 
indicate  pressure  by  an  intrathoracic  mass,  and  during  the  last  year 
or  more  of  life  there  developed  a  very  distinct  tracheal  tug.  A 
tentative  diagnosis  was  made  of  intrathoracic  tumor,  malignant  (in 
former  years  a  supposed  sarcoma  had  been  removed  from  the  breast), 
glandular,  or  aneurysmal,  complicating  tuberculosis.  At  the  autopsy 
no  tumor  was  found.  The  lungs  were  voluminous  and  contained 
rather  few  scattered  tubercles,  but  there  was  striking  thickening 
and  stiffening  of  the  bronchioles  and  pulmonary  bloodvessels,  with 
massive  induration  of  the  root  of  the  left  lung.  In  addition,  the 
left  pleura  was  throughout  closely  adherent  to  the  chest  wall. 

On  reflection  there  developed  a  simple  and  interesting  explana- 
tion of  the  occurrence  of  the  tracheal  tug  as  dependent  on  the 
anatomical  conditions  discovered  at  the  autopsy.  When  the  aorta, 
looped  over  the  left  bronchus,  presses  upon  the  air  tube  sufficiently 
to  transmit  to  it  a  pulsation,  the  downward  stroke  of  the  pulsating 
artery  is  expended  both  upon  the  trachea  and  on  the  upper  lobe  of 
the  left  lung.  The  lung  tissue  is  normally  of  such  extreme  exten- 
sibility and  its  surface  glides  so  readily  on  the  thoracic  wall  that 
any  ordinary  impulse  transmitted  by  the  aorta  to  the  bronchus 
stretches  the  lung  tissue  rather  than  pulls  down  the  relatively  fixed 
trachea.  On  the  other  hand,  when  the  left  lung  is  anchored,  as  it  were, 
to  the  chest  wall  as  if  by  close  pleural  adhesions,  and  when  in  addi- 
tion the  normal  extensibility  of  the  pulmonary  tissues  is  diminished 
by  infiltration  or  fibrosis,  the  pulse  of  the  aorta  must  be  registered 
by  movements  of  the  trachea  to  an  increased  amount  compensating 
for  the  lessened  mobility  of  the  lung.  Moreover,  just  as  the  lever 
of  the  sphygmograph  performs  wider  excursions  as  the  pressure  of 
its  spring  on  the  artery  is  increased,  so  we  should  suspect  systolic 
downward  pulsation  of  the  trachea  to  manifest  itself  especially  under 
physiologic  conditions  in  which  the  approximation  of  the  aorta  to 
the  bronchus  where  it  crosses  the  latter  is  closest. 
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In  order  to  test  the  validity  of  this  reasoning  I  have,  during  the 
past  year,  examined  430  persons  as  to  the  possession  of  a  tracheal 
tug.  No  selection  wliatever  was  made  as  to  the  kind  of  cases  studied. 
They  included  normal  individuals,  as  well  as  subjects  of  diseases 
other  than  known  aortic  aneurysm.  In  each  case  the  personal  his- 
tory was  ascertained  and  in  nearly  all  a  physical  examination  of  the 
chest  was  made.  Though  it  would  be  desirable  to  have  a  far  greater 
number  of  cases  on  which  to  base  conclusions,  I  have  to  express 
grateful  appreciation  for  assistance  afforded  me  by  many  colleagues 
and  friends.  Very  slight  experience  made  it  evident  that  a  down- 
ward pulsation  of  the  larynx  immediately  following  systole  of  the 
ventricles  is  an  extremely  common  phenomenon.  These  laryngeal 
movements  form,  as  regards  their  amplitude,  a  continuous  series 
varying  from  a  just  perceptible  impulse  transmitted  to  the  fingere 
of  the  observer  at  the  end  of  inspiration,  to  a  strong  downward 
twitch  of  the  larynx  approaching  in  vigor  the  tracheal  tug  in  an 
appropriate  case  of  aneurysm.  I  have  never  seen  in  any  of  my  sub- 
jects so  marked  a  tug  as  that  developed  in  some  examples  of  aortic 
aneurysm.  But  every  aneurysm  and  its  signs  must  have  a  begin- 
ning, and  the  diagnostic  importance  of  the  tracheal  tug  should  de- 
pend largely  for  its  specific  value  on  being  manifest  when  the  other 
signs  of  aneurysm  have  not  yet  reached  their  full  development. 
Many  observers  must  have  been  struck  with  the  gmdual  disap- 
pearance of  the  tracheal  tug  in  cases  of  aneurysm  in  which,  by  one 
means  or  another,  aneurysmal  pulsation  has  been  diminished  by  de- 
posit of  fibrin.  The  suspicion,  of  course,  suggests  itself  that  at  least 
the  slighter  impulses  here  described  are  nothing  more  than  the  shocks 
of  carotid  pulsation  transmitted  to  the  larynx.  In  answer  to  this  it 
may  be  said  that  the  impulse  or  twitch  can  only  be  felt  when  the 
fingers  are  applied  to  the  larynx  in  such  a  way  as  to  detect  a  down- 
ward jerk ;  it  is  not  observed  on  simply  touching  the  front  or  sides 
of  the  cartilages.  Moreover,  the  impulse  is  not  brought  out  by  firm 
backward  pressure  upon  the  larynx.  To  obtain  the  tug,  the  pro- 
cedure originally  proposed  by  Oliver  cannot  be  improved  upon  ;  the 
patient  should  be  seated,  with  the  head  well  thrown  back.  This 
position  elevates  the  larynx  and  puts  the  trachea  on  the  stretch,  so 
that  downward  impacts  are  less  likely  to  be  lost.  The  observer, 
standing  behind  the  patient,  places  the  tips  of  either  his  fore  or  middle 
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fingers  under  the  rim  of  the  subject's  cricoid  cartilage  and  presses 
gently  upward.    Sonietinies  only  the  thyroid  cartilage  can  be  satis- 
factorily grasped.     Under  these  conditions  the  whole  larynx  is  felt 
to  make  an  inspiratory  excursion  downward,  with  a  return  upward 
in  expiration,  and  a  more  or  less  evident  tug  may  sometimes  be  felt, 
usually,  but  not  always,  confined  to  the  phase  of  inspiration.     The 
downw^anl  respiratory  movement  of  the  larynx  becomes  very  marked 
with  deep  inspiration,  and  when  the  chest  is  fixed  in  this  phase  of  res- 
piration the  larynx  tends  to  become  rigidly  fixed  in  its  lowest  position. 
The  downward  movement  of  the  larynx  is  said  to  be  due  to  the  inspira- 
tory contraction  of  the  sternothyroid  and  sternohyoid  muscles.     The 
extraordinary  prominence  of  this  movement  in  conditions  of  dyspnea 
and  its  frequent  lethal  significance  in  disease  seem  to  be  out  of  pro- 
portion to  the  benefits  that  can  be  ascribed   to   the   movement. 
Although  the  non-aneurysmal  tracheal  tug  tends  to  be  confined  to 
the  phase  of  inspiration,  the  downward  movement  of  the  larynx  in 
this  condition,  and,  in  fact,  any  fixation  of  the  larynx  by  its  extrinsic 
muscles,  evidentlv  must  interfere  with  the  mechanical  conditions 
pennitting  the  transmission  of  the  movement  of  the  trachea  to  the 
larynx.     It  has  frequently  occurred  in  the  course  of  my  observa- 
tions, particularly  with  subjects  of  a  nervous  disposition,  that  a 
laryngeal  twitch  which  was  prominent  at  the  beginning  of  an  ex- 
periment completely  disappeared  when  the  patient's  attention  was 
directe<l  to  the  respirator^'  movements.     This  anomaly  was  for  a 
time  attributed  to  possible  variation  in  the  amplitude  of  the  aortic 
pulse,  or  even  to  change  in  the  elasticity  of  the  pulmonary  paren- 
chyma such  as  West^  has  suspected  may  arise  from  contraction  of 
its  intrinsic  muscle  fibers.     Finally,  however,  the  simpler  and  more 
satisfactory  explanation  was  hit  upon  that  the  failure  of  the  larynx 
to  transmit  the  pulsatile  movements  of  the  trachea  is  due  to  such 
depression  of  the  former  organ  through  its  sternal  muscles  as  to  relax 
the  membrane  connecting  the  rim  of  the  cricoid  with  the  trachea. 

The  general  results  of  my  observations  are  thrown  together  in  a 
table  at  the  end  of  this  pajier,  but  they  may  be  made  clearer  by  the 
following  statements :  In  the  table  the  results  of  the  examinations 
as  to  the  presence  or  absence  of  the  signs  of  tracheal  tug  are  classi- 

»  Allbutt'R  System  of  Medicine,  vol.  v.  p.  338. 
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fied  in  the  vertical  columns  according  to  the  prominence  of  the  sign. 
In  the  column  headed  "  none  ^'  are  placed  the  cases  manifesting  no 
pulsatile  tracheal  movement.  In  the  column  "  slight "  are  cases  in 
which  only  a  slight  pulsatile  twitch  was  felt.  In  the  column  "  d  " 
the  tracheal  twitch  was  distinct^  and  the  distinctness  of  the  sign  was 
more  and  more  pronounced  in  the  cases  in  the  succeeding  columns 
until  in  d'"  the  prominence  of  the  tug  might  well  lead  to  the  suspi- 
cion of  the  existence  of  a  developing  aneurysm  of  the  transverse 
portion  of  the  aortic  arch.  It  may  be  remarked  that  in  my  list 
three  cases  in  which  there  could  be  no  fair  suspicion  of  aortic 
aneurysm  exhibited  a  slight  "  diastolic  shock,"  which  HalP  believes 
to  be  pathognomonic  of  aneurysms  of  the  aorta.  My  subjects  varied 
in  age  from  three  years  to  eighty-five  years.  The  youngest  person 
manifesting  a  tracheal  tug  was  sixteen  years  old.  The  tracheal 
sign  was  found  relatively  most  frequent  in  persons  between  twenty 
and  fifty  years  old,  the  age  of  greatest  frequency  being  somewhat 
more  advanced  in  cases  having  pulmonary  disease.  Of  the  430 
cases,  246  were  males  and  185  were  females.  The  sexes  are  kept 
separate  in  the  table,  for  reasons  which  will  appear  later.  In  order 
to  test  the  efiiciency  of  the  conditions  previously  discussed  to  pro- 
duce a  tracheal  tug,  all  cases  were  divided  into  three  groups :  I. 
Normal  individuals,  or  those  in  which  there  was  no  evidence  of 
left-sided  pleural  adhesions  or  pulmonary  fibrosis.  II.  Cases  mani- 
festing the  signs  of  tuberculosis  at  the  left  apex  or  giving  distinct 
history  of  the  disorder ;  also  cases  which  had  suffered  pleurisy  or 
pneumonia  on  the  left  side.  III.  Cases  of  marked  arterial  fibrosis 
or  emphysema,  including  chiefly  persons  advanced  in  years.  The 
cases  were  also  grouped  according  to  age. 

It  is  assumed  that  cases  in  Class  I.  had  lung  tissue  of  normal 
elasticity  and  were  without  pleural  adhesions ;  that  in  the  members 
of  Class  II.  there  were  probably  pleural  adhesions  on  the  left  side 
as  well  as  probably  diminished  pulmonary  extensibility ;  in  Class 
III.  the  extensibility  alone  of  the  lung  tissue  was  assumed  to  be 
affected. 

Of  the  245  males  examined  113  are  recorded  as  normal  as  regards 
their  pulmonary  condition.  Of  these  61  manifested  no  tracheal 
twitch,  and  52,  or  46  per  cent,  of  the  113,  exhibited  a  twitch.     Xo 

1  American  Jonrnal  of  the  Medical  Sciences,  January,  1900. 
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less  than  37,  or  +  32  per  cent,  of  the  113,  exhibited  a  very  evident 
tracheal  tug  of  varying  degrees  of  distinctness.  Of  112  males  show- 
ing evidence  of  pulmonary  lesions,  probably  causing  adhesions  of 
the  left  pleura,  only  17  were  without  signs  of  the  tug,  while  95,  or 
84  per  cent.,  possessed  it,  and  71,  or  +63  per  cent,  of  the  112, 
showed  a  very  prominent  tug. 

A  striking  exception  to  the  occurrence  of  the  tracheal  phenomenon 
in  pulmonary  disease  was  found  in  some  tubercular  cases  in  which 
extensive  excavation  occupied  the  site  of  the  left  upper  lobe  of  the 
lungs.  This  apparent  anomaly  rather  supports  the  position  here 
assumed  &s  to  the  conditions  determining  the  transmission  of  the 
tug,  for  when  a  large  mass  of  pulmonary  tissue  is  absent  the  bronchus 
distributed  to  it  cannot  be  sup{X)sed  to  be  fixed  on  the  side  of  the 
lung.  Also,  it  is  worth  observing  that  in  two  cases  of  left-sided 
pneumothorax  (accompanying  tuberculosis)  there  was  no  tug  wliat- 
ever.  Of  the  male  cases  of  the  third  class,  those  showing  signs 
leading  to  a  suspicion  of  greatly  diminished  extensibility  of  the 
pulmonary  tissue,  there  were  20  examples.  Of  these  10,  or  50  per 
cent.,  showed  a  tug,  a  proportion  differing  little  from  that  found  in 
normal  cases ;  but  of  the  10  cases,  in  6,  or  30  per  cent.,  the  tug  was 
of  a  decided  character. 

Number  of  Persons  Showing  Various  Degrees  of  Tracheal  Tug. 


I.  Persons  normal  or 
without  evidence 
of  pulmonary  dis- 
ease. 


Males,  245.  Females,  185. 

Age  in         _____  

years.  i  i 

None  Slight    d     d'    d"    d'"    None  Slight    d 
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11 
21 
31 
51 


"  20 
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8  I   ... 
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2 
15 
51 
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"7 
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8 
7 
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4 

3 


d'    d"    d" 


II.  Persons  showing  f 
evidence  of  having  ! 
had  tuberculosis,  I 
pneumonia,  or  1 
pleurisy  of  the  left  I 
lung.  I. 


Ill   Persons  showing 
marked  emphysema 
arteriosclerosis. 
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A  comparative  study  of  the  185  female  eases  leads  to  interesting 
conclasioDs.  In  125  normal  persons  99  were  found  without  tracheal 
twitch,  and  30,  or  +  23  per  cent.,  wth  it.  Of  the  latter  only  10,  or 
less  than  10  per  cent,  of  the  whole,  showed  anything  like  a  distinct 
tracheal  tug.  On  the  other  hand,  of  47  female  cases  with  probable 
left  pleural  adhesions,  34,  or  +  72  per  cent.,  manifested  pulsatile 
tracheal  movement,  which  in  20  cases,  or  -f  42  per  cent,  of  the  47, 
was  marked  in  character. 

In  the  third  class  of  females  there  were  but  9  cases,  showing  a 
tug  in  4,  or  44  per  cent. 

The  conclusion  is  manifest  that  a  trachecU  tug  quite  palpable  in 
characier  is,  in  the  majority  of  cases,  associated  with  and  dependent 
upon  adhesions  of  the  left  pleura.  Diminished  extensibility  of  the  lung 
tends  to  produce  the  same  phenomenon,  and  the  tug  is  most  pronounced 
tchen  the  conditions  are  combined. 

It  still  remains  to  explain  why  perfectly  normal  subjects  so  often 
exhibit  a  distinct  laryngeal  jerk  following  the  heart-beat.  This  fact 
seemed  to  me  a  mystery  until,  in  the  course  of  observations,  a  satis- 
factory explanation  developed. 

It  is  noteworthy  that  the  proportion  of  normal  males  manifesting 
the  tracheal  sign  is  exactly  double  that  of  females  of  the  same  class^ 
whereas  the  difference  between  males  and  females  having  pulmonary 
lesions  is  not  nearly  so  marked.  Now,  the  type  of  masculine  respi- 
ration is  diaphragmatic,  while  that  of  feminine  breathing  is  costal. 
In  downward  movements  of  the  diaphragm  the  heart  also  descends 
to  some  extent,^  and  thus,  it  may  be  supposed,  draws  the  aortic  arch 
closer  upon  the  left  bronchus,  and  thus  improves  the  chances  for  the 
transmission  of  its  pulsation  to  the  trachea.  After  this  explanation 
it  Ls  clear  why  healthy  females  should  fall  so  far  behind  normal 
males  in  the  frequency  of  the  traclieal  pulsation.  It  is  also  to  be 
expected  that  the  tracheal  phenomenon  should,  in  its  milder  manifes- 
tations, be  confined  to  inspiration.  It  is  easy  to  prove,  on  anyone 
exhibiting  the  tug  and  having  good  control  over  the  respiratory 
muscles,  that  the  tracheal  jerk  accompanies  inspiration  by  the  descent 
of  the  diaphragm,  but  that  it  is  absent  when  air  is  drawn  into  the 
chest  only  by  elevation  of  the  ribs. 

>  F.  U.  Williams.    Medical  Uses  of  the  Rontgen  Light.    American  Journal  of  the  Medical 
Sdencea,  June,  1899,  p.  678. 
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A  second  conclusion  may  therefore  be  drawn  from  these  observa- 
tionS;  namely,  that  in  the  normal  individual  descent  of  the  heart  witli 
inspiratory  moveineixt  of  the  diaphragm  may  so  press  the  aortic  arch 
upon  the  left  bronchus  as  to  impaH  to  the  trachea  the  aortic  pulse y 
recognizable  at  the  larynx  as  a  palpable  tug  of  greater  or  less  dis^ 
tindness. 


THE   EXTENSION  OF  AORTIC  ANEURYSMS   INTO 

AND  BETWEEN  THE  WALLS  OF  THE  HEART 

AND  DISSECTING  ANEURYSMS  OP 

THE  HEART. 


By  LUDVIG  HEKTOEX,  M.D., 

OF  CHICAGO. 

(From  the  Paiholoffic  Laboratory  qf  Rush  Medical  College.) 


The  relations  to  the  heart  of  aneurysms  in  the  beginning  of  the  aorta 
are  often  quite  interesting  and  complex.  Interparietal  and  intra- 
parietal  extension  may  occur,  and  many  so-called  dissecting  aneurysms 
of  the  heart  take  their  origin  in  the  beginning  of  the  aorta. 

Dissecting  vascular  aneurysm  is  the  result  of  an  incomplete  rupture 
of  the  arterial  wall  from  within,  through  which  the  blood  by  its  hemo- 
dynamic pressure  separates  more  or  less  extensively  the  various  layers 
of  the  wall.  The  separation  is  a  rather  rough  one,  there  being  no  real 
dissection.  The  walls  of  the  heart  are  not  disposed  to  this  change, 
because  the  force  or  pressure  that  causes  the  separation  originates  in 
the  walls  of  the  heart  during  their  contraction  when  the  various  layers 
are  pressed  together  (Vestberg). 

Partial  cardiac  aneurysms  are  oftener  the  result  of  a  uniform  dilata- 
tion of  a  weakened  area  than  of  rupture  and  dissection.  There  are, 
however,  quite  a  number  of  places  where  and  methods  whereby  dissect- 
ing cardiac  aneurysms  may  be  formed  by  the  separation  of  layers  nor- 
mally more  or  less  adherent  to  each  other.  The  aneurysm  need  not 
originate  primarily  in  the  cardiac  cavity  whose  walls  largely  contain  it ; 
it  may  come  from  other  cavities  or  from  the  aorta.  The  sinus  of  Val- 
salva may  give  origin  to  dissecting  aneurysms  which  extend  into  the  walls 
of  the  heart,  because,  though  properly  a  part  of  the  heart,  they  are  not 
affected  by  the  physiologic  limitations  for  aneurysmal  formation  seen 
in  other  parts  of  the  heart  (Vestberg).  Aneurysms  in  the  Ijeginning 
of  the  aorta  may  extend  into  the  heart,  and  on  the  rupture  of  the 
original  sac  secondary  cardiac  aneurysms  of  the  dissecting  variety  may 
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develop.  Cardiac  aneurysma,  apparently  diaaectiDg,  originating  in 
myocardial  abscesses,  sometimes  are  not  dissecting  aneurysms,  strictly 
speaking,  because  the  larger  part,  yes,  even  all  the  dissecting,  may  have 
been  done  by  the  suppuration  ;  hence,  dissecting  cardiac  aneurysm  can- 
not be  separated  always  from  aneurysm  following  myocardial  abscess. 
With  the  foregoing  considerations  in  mind,  Arthur  Vestberg,*  in  his 
interesting  and  complete  study  of  dissecting  aneurysms  of  the  heart, 
defines  dissecting  cardiac  aneurysm  as  a  pathologic  cavity  communi- 
cating with  the  heart  or  with  the  origin  of  the  aorta,  due  to  a  separation 
by  the  blood  of  the  layers  of  the  walls  of  the  heart. 

Vestberg  divides  dissecting  cardiac  aneurysm  into  interparietal, 
septal,  parietal,  and  valvular,  the  first  being  by  far  the  most  frequent. 
Of  60  cases  (59  from  the  literature  and  1  original)  47  were  interparietal 
or  septal,  5  parietal,  and  8  valvular.  The  interparietal  is  an  interest- 
ing form,  which  occurs  in  the  loose  tissue  under  the  epicardium  around 
the  root  of  the  aorta.  Vestberg,  who  is  the  first  to  give  an  accurate 
description  of  this  periaortic  space,  designates  it  spatiura  periaorticum 
cordis.  It  is  bounded  externally  by  the  anterior  walls  of  the  auricles 
and  by  conus  arteriosus  dexter ;  internally  or  centrally  by  the  aorta, 
the  root  of  the  aorta,  and  the  more  or  less  incomplete  conus  arteriosus 
sinister.  The  roof  of  the  space  is  formed  by  the  epicardium  passing  from 
the  posterior  surface  of  the  aorta  to  the  anterior  surface  of  the  auricles 
and  constituting  at  the  same  time  the  floor  of  sinus  transversus  peri- 
cardii. The  space  is  divided  by  the  coronary  arteries  into  the  auriculo- 
aortic  and  the  conoaortic  parts  (spatium  atrioaorticum  and  spatium 
conoaorticum).  The  points  of  exit  of  the  right  and  left  coronary 
arteries  are  designated  by  Vestberg  as  apertura  spatii  dextra  et  sinistra. 
It  will  be  seen  at  once  that  the  space  belongs  to  the  heart  and  that 
aneurysms  occupying  the  space  must  be  regarded  as  cardiac  provided 
they  do  not  possess  independent  walls  from  other  sources.  Ruptures 
may  occur  into  the  periaortic  space  from  conus  arteriosus  sinister,  the 
sinuses  of  Valsalva,  the  lower  part  of  the  aorta,  and  probably  from  the 
coronary  arteries.  Rupture  of  the  aneurysm  of  the  left  coronary  artery, 
described  by  Dr.  J.  A.  Capps"  in  my  laboratory,  might  have  resulted 
in  a  dissecting  aneurysm  of  the  heart,  most  likely  of  the  parietal  type. 
The  thinnest  portion  of  the  internal  wall  is  the  fibrous  part  of  the 
conus  arteriosus  sinister  with  its  prolongations  upward  between  the 
aortic  valves.     Vestberg  describes  a  dissecting  aneurysm  of  the  peri- 

1  On  dissokerande  hjiirtaneurismer,  Nordlskt  Medicinekt  Arklv,  1897,  Ny  FOljd,  vii.,  Nos.  26 
and  30. 

2  American  Journal  of  the  Medical  Sciences,  September,  1S99. 
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aortic  space  following  rupture  due  to  endocarditis  of  its  internal  wall 
between  the  baae  of  the  anterior  mitral  valve  and  the  aortic  valves. 
EDdocarditi^  abace^,  ^clerosiB,  and  other  changes  in  the  beginning  of 
the  aorta  and  the  aortic  sinuses,  traumatic  ruptures,  and  the  secondary 
rupture  of  aortic  aneurysms  may  lead  to  dissecting  aneurysms  in  this 
space.  The  openings  are  often  linear,  especially  when  traumatic,  and 
round  when  the  result  of  ulceration.  At  first  there  may  be  do  distinct 
wall,  but  in  chronic  cases  a  membrane  may  form.  From  the  periaortic 
space  the  dissection  may  extend  into  the  interventricular  and  inter- 
auricular  septa,  the  interparietal  aneurysm  becoming  septal.    Occasion- 


AneurfsiD  oFuirUc  sinus  wltb  eileiuioii  Into  wall  of  Hght  venlrkle. 

ally  it  becomes  parietal.  Secondary  ruptures  into  the  pericardium, 
especially  at  the  orifices  of  the  space — the  exits  of  the  coronary  arteries 
— as  well  as  into  the  right  heart  may  take  place. 

The  following  specimens  illustrate  many  of  the  features  in  connection 
with  this  form  of  dissecting  cardiac  aneurysm  and  the  relation  to  the 
heart  of  aneurysms  in  the  beginning  of  the  aorta. 

Laborer,  aged  thirty  years,  syphilitic;  death  from  typhoid  fever. 
Aneurysm  of  anterior  aortic  sinus  with  extension  into  wall  of  right  ven- 
tricle ;  beginning  aneurysms  of  aorta. 

Aiiatomic  Diagnosii  (Dr.  Crowder).  Typhoid  ulcer  and  swelling  of 
Peyer's  patches ;  gumma  in  epididymis  ;  arteriosclerosis ;  aneurysm  of 
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mauB  of  Valsalva  extendiag  into  wall  of  right  ventricle ;  beginniDg 
aortic  aneuryBma  with  thrombosis ;  fibrous  perisplenitis  and  pleuritis  ; 
pulmonary  edema  ;  chronic  nephritis  ;  edema  of  aoklea  ;  stricture  of 
urethra;  acnte  cystitis  ;  suppurative  prostatitis  ;  catarrhal  gastritis. 

The  sinoeal  aneurysm  arises  in  the  sinue  behind  the  anterior  aortic 
valve,  the  orifice  of  the  right  coronary  being  situated  near  its  bottom  ; 
it  is  3  cm.  in  depth  and  extends  into  the  tissues  under  the  epicardium 
over  the  anterior  surface  of  the  right  ventricle  under  the  apex  of 
the  right  auricle  (Fig.  1).  The  wall  is  thin,  smooth,  exteaaivel; 
calcified,  sections  showing  degenerated  fibrous  tissue  without  elastic 
elements.  About  9  cm.  above  the  aortic  valves  is  a  brown,  circular 
area,  1  cm.  in  diameter,  which  ia  mnch  thinner  than  the  eurrounding 


tissue  and  thrown  into  folds  (Figa.  2  and  3),  but  on  outward  pressure 
with  the  finger  a  small  sacculation  is  formed.  A  little  higher  up  is  a 
smaller  area  of  similar  appearance  and  occupied  by  a  thrombus. 

Scctious  across  the  depression  and  including  some  of  the  aorta  on  each 
side  and  also  the  corresponding  part  of  the  pulmonary  artery,  which 
here  Is  closely  apposed  and  cloiely  adherent  to  the  aorta,  show  no 
clianges  in  the  pulmonary  artery ;  its  elastic  network  seems  perfect. 
At  the  point  of  greatest  bulging  of  the  aorta  the  tissue  between  the 
aorta  and  the  pulmonary  artery  is  reduced  to  a  thin  layer  of  hyaline 
fibers;  a  few  bloodvessels  are  present  and  also  some  greatly  flatt«ned 
and  compressed  nerves  ;  there  are  but  few  nuclei  in  the  hyaline  tissue 
and  no  cell  accumulations.  On  each  side  of  the  aortic  bulge  there  ia 
interposed  between  the  two  vessels  fibrous  tissue  with  areas  of  fat,  nerve 
bundles,  and  bloodveirsels.     ^fany  of  the  arterioles  show  a  well-marked 
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fibrous,  obliteratiDg  endarteritis  and  hyaline  adventitia.     In  some  com- 
plete occlusion  has  taken  place. 

Corresponding  to  the  aneurysmal  bulging  the  aortic  wall  is  thrown 
into  folds  of  varying  depth  ;  the  endothelium  is  absent ;  the  wall  is 
thinner  by  about  one-half  than  on  each  side  of  the  aneurysm ;  there  is 
hardly  any  normal  muscular  tissue  in  this  part  of  the  aorta ;  the  wall 
consisting  of  a  more  or  less  degenerated  fibrous  tissue  with  but  few 
nuclei,  often  distorted  and  with  a  tendency  to  assume  a  bluish  tinge  in 
hematoxylin.  This  fibrous  tissue  is  in  reality  the  greatly  thickened 
intima.  There  are  no  foci  of  cells  in  this  part,  but  in  the  media  on 
each  side  of  the  bulging  are  a  few  thin-walled  vessels  filled  with  blood 
and  surrounded  by  quite  marked  cellular  infiltrations.  The  cells  have 
deeply  stained  round  or  oval  rather  small  nuclei,  and  the  cell  bodies 
cannot  be  distinguished.  There  are  no  elastic  fibers  immediately  around 
these  perivascular  accumulations. 

The  intimal  thickening  does  not  give  any  elastic  fiber  stain.  There 
are  a  few  irregular,  broken-up  bundles  and  masses  of  elastic  fibers 
between  the  thickened  intima  and  adventitia  at  the  bottom  of  the  aneu- 
rysm. In  the  sections  stained  for  elastic  fibers  it  is  seen  clearly  how  the 
media  is  gradually  replaced  by  the  thickened  intima,  the  media  ending 
in  narrow  strands  of  elastic  tissue.  The  elastic  fibers  in  the  adventitia 
are  also  largely  interrupted  over  the  bulging.  The  arteries  with 
endarteritis  obliterans  in  the  tissue  between  the  pulmonary  artery  and 
the  aorta  show  a  well-developed  network  of  elastic  fibers  in  the  new 
tissue  in  the  intima. 

In  the  smaller  aneurysm  with  the  thrombotic  plug  the  conditions  out- 
liued  above  are  present  in  exaggerated  degree.  There  is  a  marked  intimal 
thickening  with  degeneration.  There  is  a  more  sudden  interruption  of 
the  media,  which  is  completely  replaced  by  the  intimal  thickening  as 
the  outward  bulging  takes  place,  on  each  side  of  which  are  masses  of 
broken-up  elastic  tissue.  And  the  vascularization  and  round-cell  infil- 
tratiou  into  the  media  are  more  pronounced  and  associated  with  similar 
changes  in  the  adventitia.  Owing  to  the  cellular  infiltration  in  the  media 
the  elastic  elements  are  broken  up  extensively.  Among  the  cells  in  the 
perivascular  infiltrations  are  seen  plasma  cells,  lymphocytes,  and  endo- 
thelial cells.  The  thrombus  is  infiltrated  with  leukocytes  ;  no  bacteria 
present. 

Bacleriologie  Examination.  B.  typhosus  isolated  from  the  spleen ; 
B.  coli  from  the  liver  and  kidney. 

Abstract  of  Histologic  Description,  The  liver  contains  necrotic  foci. 
There  is  some  increase  of  the  connective  tissue  in  the  kidneys  and  the 
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cells  of  the  convoluted  tubules  are  degenerated  ;  there  is  some  endar- 
teritis. There  is  myocardial  disunion.  The  spleen  contains  many 
phagocytic  cells  ;  there  are  also  areas  of  necrosis.  The  cell  accumula- 
tion about  the  base  of  the  ulcer  in  the  ileum  contains  endothelial  cells 
with  cellular  inclusions.  There  is  a  chronic  interstitial  epididymitis 
with  obliteration  of  the  vessels  as  well  as  foci  of  leukocytes  and  epithelioid 
cells. 

One  of  the  cases  of  aneurysm  of  the  coronary  arteries  described  by 
Capps^  presents  some  features  of  interest  in  connection  with  this  subject. 

Man,  telegrapher,  aged  thirty-nine  years,  syphilitic  and  alcoholic, 
died  from  bronchopneumonia  developing  during  hemiplegia  and  con- 
vulsions. 

Anatomic  Diagnosis.  Syphilitic  leptomeningitis  and  pachymenin- 
gitis ;  arteriosclerosis  ;  aneurysm  of  the  aorta  and  of  the  left  coronary 
artery  ;  chronic  aortic  endocarditis  ;  fibrous  myocarditis  ;  aneurysm  of 
interventricular  septum  ;  hypertrophy  of  the  heart ;  chronic  nephritis  ; 
bronchopneumonia ;  fibrous  pleuritis. 

The  heart  weighs  550  grammes.  There  is  marked  thickening  of  the 
left  ventricular  wall.  The  tricuspid,  pulmonary,  and  ventral  valves 
appear  normal.  The  endocardium  is  smooth,  excepting  that  the  free 
margin  of  the  aortic  valves  is  rough,  thickened,  and  sclerosed.  Just 
below  the  junction  of  the  left  and  anterior  semilunar  valves  is  a  small 
bulging  in  the  septum,  which  admits  the  tip  of  the  index  finger,  and  is 
lined  with  a  dense  fibrous  tissue.  Anteriorly  the  aneurysm  and  the 
sinus  of  the  posterior  pulmonary  valve  are  separated  only  by  a  thin 
partition,  which  is  translucent.  The  **  undefended  space  "  situated  to 
the  right  of  this  cavity  is  unaffected. 

Above  the  left  aortic  semilunar  valve  is  a  bulging  of  the  aortic  wall 
upward  and  forward  into  the  periaortic  tissue.  Bordering  on  this 
aneurysm  is  the  left  coronary  orifice,  which  is  of  normal  size.  Imme- 
diately beyond  the  opening,  however,  is  a  fusiform  dilatation  of  the  wall 
of  the  coronary  artery,  large  enough  to  contain  a  hazel-nut,  and  extend- 
ing for  the  most  part  posteriorly  and  to  the  right.  Its  walls  are  streaked 
with  yellowish  spots,  and  in  places  calcareous  scales  can  be  peeled  off. 
Beyond  this  cavity  is  a  second  and  smaller  dilatation  of  the  wall. 

The  beginning  of  the  aorta  is  much  thickened,  the  intima  irregularly 
fissured,  and  similar  changes  exist  throughout  the  entire  thoracic  aorta. 
The  microscopic  examination  showed  principally  *chronic  changes  with 
calcification. 

1  Iy)C.  cit. 
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The  presence  of  syphilis  in  these  two  cases  brin^  forward  the  rela- 
doDs  of  syphilis  to  aneurysm.  This  is  a  vexed  question.  Heller^  cham- 
pions the  existence  of  a  pure  syphilitic  aortitis  that  may  cause  aneurysms. 
Peculiar  circumscribed  depressions,  often  in  groups,  especially  at  the 
beginning  of  the  aorta,  in  which  the  aortic  wall  is  greatly  attenuated 
and  wrinkled,  with  cellular  accumulations  about  the  vasa  vasorum  and 
destruction  and  replacement  of  the  elastic  and  muscular  elements  of  the 
media,  are  regarded  as  the  result  of  a  primary  syphilitic  mesaortitis  by 
Heller  and  his  pupils.'  In  such  lesions  so-called  miliary  gummas  with 
giant  cells  are  described  by  Backhaus  and  others.  Weber  has  described 
a  gumma  as  large  as  a  bean  in  the  wall  of  the  pulmonary  artery.  Back- 
haus found  mesaortitis  of  this  character  in  seventeen  of  ninety-nine 
syphilitics  examined  at  the  Kiel  Institute.  Irregular  ulcerations  in 
the  aorta  with  callous  margins  are  also  attributed  to  syphilis.  When 
combined  with  ordinary  arteriosclerosis  the  aortic  wall  may  be  greatly 
thickened,  uneven,  and  wrinkled.  This  is  the  sclerogummous  aortitis 
of  Malmsten,  who  gives  the  frequency  of  syphilitic  history  in  aneurysm 
as  80  per  cent.  In  82  per  cent,  of  eighty-four  cases  of  general  paralysis 
Straub'  found  the  changes  described  by  Heller  as  syphilitic  aortitis. 
Straub  also  records  the  presence  of  giant  cells  and  gummous  produc- 
tions in  the  media.  In  some  of  these  cases  were  aneurysms  with  peculiar 
puDched-out  orifices.  Of  seventy-one  non-paralytics  examined  during 
the  same  period  such  changes  were  found  in  the  aorta  but  seven  times, 
all  in  syphilitics,  however.  Ponfick,*  Ziegler,*  and  Orth*  doubt  the 
syphilitic  character  of  all  instances  of  this  kind  of  aortitis  because 
similar  changes  occur  in  non-syphilitics.  Baumgarten^  also  assumes  a 
clinical  attitude.  Ziegler  and  Babes"  hold  that  ordinary  microbes,  as 
streptococci  and  staphylococci,  may  produce  lesions  similar  to  those 
ascribed  to  syphilis.  The  changes  described  in  the  aorta  of  Case  I. 
correspond  well  to  Heller's  syphilitic  aortitis,  upon  the  basis  of  which 
it  is  probable  that  aneurysms  in  young  syphilitics  arise.  Perhaps  the 
nearest  approach  at  the  present  time  to  the  truth  in  regard  to  syphilis 
and  certain  aortic  lesions  and  aneurysms  is  embodied  in  the  Scotch  ver- 
dict, '*  guilty  but  not  proven." 

The  beginning  aneurysms  in  the  aorta  in  Case  I.  show  in  an  interest- 
ing manner  the  histogenesis  of  aneurysm,  destruction  of  elastic  elements 
in  the  media,  thickening  with  new  formation  of  elastic  fibers  in  the 

I  Verb.  deut.  path.  Gesellflch.,  1900,  li.,  846-351. 
s  Dtible,  Diflsertatlon,  Kiel,  1885. 

*  Verb.  deut.  path.  Gesellscb.,  1900,  ii.,  351-868. 

•  Ibid.  *  Ibid.  •  Ibid.  t  ibid.  «  Ibid. 
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intima,  and  dilatation.  It  is  rare  that  one  has  the  good  fortune  thus  to 
trace  the  starting  of  aneurysm.  Rupture  of  the  aneurysiu  of  the  aortic 
sinus  might  have  given  rise  to  parietal  dissecting  aneurysm  of  the  right 
ventricle.  This  event  is  Illustrated  in  a  striking  manner  by  the  follow- 
ing specimen  in  the  collection  of  the  laboratory,  which  also  shows  the 
gross  changes  regarded  as  indicating  the  syphilitic  nature  of  certain 
aortic  lesions  and  consecutive  aneurysms. 

Two  saeeuialed  anewrysnu  of  aorta  and  aneurygm  of  aoriie  sinv»  teiih 
irderparietal  and  iniraparietal  exlemion  into  heart  (Fig.  4).  DUteclifig 
aneurysm  of  periaortic  ipaee.    Mnteum  specimen ;  no  hiMory.    The  heart 


as  a  whole  is  somewhat  enlarged,  especially  the  left  ventricle.  The 
right  heart  with  its  valves  is  normal.  The  muscle  is  of  a  healthy  color. 
The  aortic  semilunars  are  thin  and  transparent.  The  beginning  of  the 
aorta  is  dilated  somewhat,  the  intima  thick,  irregularly  nodular  and 
furrowed,  and  extensively  sclerotic.  Upon  the  right  and  posterior 
aspects  are  the  openings  of  three  aneurysms.  The  smallest  opening  is 
situated  just  above  the  junction  of  the  right  posterior  and  anterior 
valves ;  the  aneurysmal  cavity  is  situated  in  the  periaortic  space  between 
the  aorta  and  the  right  ventricle  and  auricle  ;  it  measures  4  cm.  trans- 
versely and  7  cm.  vertically ;  the  bottom  of  the  cavity  rests  upon  the 
interventricular  septum  ;  at  the  top  the  thin  roof  of  the  periaortic  space 
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is  raised  quite  high.  The  opening  from  the  aorta  into  the  aneurysm  is 
situftted  about  at  the  center  of  its  posterior  wall.  The  cavity  is  empty. 
There  is  no  trace  of  the  wall  of  the  aorta  recognizable  in  the  walls  of 
the  aneurysm,  sections  of  which  show  a  layer  of  quite  structureless 
material  in  the  lining,  outside  of  which  are  a  loosely  arranged  fibrous 
and  fatty  tissue  with  irregular  fragments  of  elastic  fibers. 

The  orifice  of  the  second  aneurysm  is  a  long  transverse  slit  on  the 
posterior  surface  of  the  aorta,  a  little  above  and  to  the  left  of  the 
former.  This  leads  into  an  irregular  cavity  composed  of  two  arms — a 
short  one  that  passes  toward  the  right,  and  a  long  one  which  passes  to 
the  left  and  downward  for  at  least  4  cm.  into  the  space  between  the  left 
auricle  and  the  aorta  and  under  the  pulmonary  artery.  The  two 
aneurysms  are  separated  from  each  other  by  the  descending  vena  cava, 
which  is  closely  bound  to  the  aorta  at  this  point.  A  section  of  the 
wall,  which  is  quite  thin  and  covered  with  thrombi,  shows  a  fibrous 
structure  with  a  few  irregular  elastic  fibers. 

The  third  aneurysm  starts  in  the  sinus  behind  the  left  posterior  valve. 
The  cavity  is  somewhat  irregular  and  extends  into  the  wall  of  the  left 
ventricle  and  along  the  interventricular  groove  for  3  cm.  At  the  apex 
the  wall  is  translucent.  The  left  coronary  artery  opens  at  the  margin 
of  the  aneurysm  ;  its  descending  branch  is  normal,  but  the  main  stem  is 
obliterated  for  about  2  cm.  as  it  courses  over  the  aneurysm.  The  aortic 
wall  is  recognizable  throughout  in  this  aneurysm. 

This  interesting  specimen  illustrates  at  one  and  the  same  time  inter- 
parietal and  intraparietal  extension  of  aortic  aneurysms  into  the  heart 
and  the  secondary  formation  of  dissecting  aneurysms  in'  the  periaortic 
space. 

Large  parietal  aneurymn  of  the  rigU  ventride  originating  in  sinuses  of 
anterior  and  right  posterior  aortic  valves  (Figs.  5  and  6).  Museum 
specimen;  no  history.  The  heart  is  much  enlarged,  the  pericardial 
cavity  wholly  obliterated,  the  aorta  extensively  sclerotic  and  calcified. 
The  aneurysm  originates  immediately  behind  the  anterior  and  left  pos- 
terior valves  by  an  opening  4  cm.  in  diameter.  Viewed  from  within 
the  aneurysm  the  aortic  orifice  appears  triangular.  The  aneurysm  seems 
to  have  dissected  its  way  in  the  wall  of  the  right  ventricle,  extending 
from  the  aorta  between  the  right  auricle  and  the  pulmonary  artery  to 
the  apex  of  the  ventricle  covering  the  anterior  and  lateral  aspects  of  the 
latter.  The  right  auricular  appendix  is  embedded  in  the  wall  of  the 
aneurysm.  At  the  apex  muscular  tissue  and  subepicardial  fat  are 
readily  recognized  upon  the  external  surface  of  the  aneurysm,  and 
outside  of  these  is  a  well-marked  layer  of  fibrous  tissue — the  adherent 
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pericardium.  The  liniug  of  the  aneuryBm  is  almost  UDiveraally  calcified, 
iissured,  roughened,  and  cracked.  On  account  iif  the  calcificaliou  the 
aaeuryamal  walls  do  not  collapse  but  remain  stiff,  being  easily  separable 
into  more  or  leae  structureless  layers  in  which  are  also  calcareous  scales  ; 
and  there  are  continuous  sheets  of  calcareous  material  in  the  peri- 
cardial adhesions  for  some  distance  beyond  the  bounds  of  the  aneurysm. 
The  cavity  is  empty.  There  are  no  definite  traces  of  aortic  wall  beyond 
the  opening.    Microscopic  sections  from  various  paru  show  a  structure- 
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less  wall  consisting  largely  of  calcareous  material  covered  externally, 
es|>ecially  at  the  apex,  by  a  layer  of  fibrous  tissue  containing  a  dense 
layer  of  elastic  tissue  like  that  iu  the  epicardium. 

The  following  specimens  are  examples  of  endocarditis  of  aortic  valves 
as  related  to  dissecting  cardiac  aneurysm.  In  the  first  the  beginoiDg 
of  the  condition  is  shown,  while  in  the  second  and  third  destruction  of 
the  internal  wall  of  the  periaortic  apace  has  been  followed  by  a  typical 
dissecting  aneurysm  in  its  cunoaortic  part. 
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Acute  endocarditis  of  the  aortic  valvea,  developiog  in  the  course  of 
lobar  paeumoaia  in  a  man,  aged  thirty-seven  yeara,  destroyed  a  large 
part  of  the  left  posterior  valve,  causing  an  extensive  perforation  of  the 
segment  and  extending  from  t)ie  ventricular  aspect  of  the  valve  to  the 
interventricular  septum  (Fig.  7).  In  the  septum  there  is  an  irregularly 
oval,  ulcerated  excavation,  covered  by  detritus.  The  ulceration  has 
extended    upward   between  the  myocardium  and  the  aorta  and  has 


Large  parietal 

reached  the  lower  part  of  spatium  periaorticum  (Fig.  7).  Microscopic 
sectioQS  through  the  affected  area  show  about  the  ulcer  an  extensive 
inflammatory  infiltration,  with  numerous  colonies  of  bacteria ;  the 
inflammatory  changes  extend  far  out  into  the  myocardium  and  are 
eepecially  marked  in  the  tissue  of  the  periaortic  space. 

The  pneumococcuB  was  isolated  in  pure  culture  from  the  vegetations 
and  ulcers. 

Aeule  and  chronic  endocarditis  of  aortic  valvet;  dht^ecting  aneurysm  of 
the  periaorlie  tpiue  (Figs.  8  and  9).     The  left  posterior  aortic  valve 
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is  thick  and  fibntua,  aud  the  part  near  the  anterior  segment  is  extenuvelj- 
deetroyed,  tattered,  and  shreddy.  The  right  posterior  valve  shows  an 
oval,  irregular  ulcer  on  the  ventricular  surface.  The  anterior  valve  is 
largely  destroyed  ;  it  is  perforated  by  an  opening,  1  cm.  in  diameter, 
from  the  aortic  sicus,  and  the  remaiDiag  ventricular  surface  ia  covered 
by  granular  thrombotic  depositions.  The  triangular  apace  between  the 
anterior  and  left  posterior  valve  presents  an  opening  coextensive  with 
the  apace  and  reaching  up  to  the  upper  limit  of  the  attachment  of  the 
valves  upon  the  wall  of  the  aorta.  Thia  opening  leads  into  a  smooth 
walled,  empty  cavity,  situated  between  the  aorta  and  the  pulmonary 
coDus,  and  the  beginning  of  the  pulmonary  artery.    Thia  cavity  extends 


Fig.  T.— Eilension  of  nonlc  eadocardlllB  1o  LnLervenlricular  seplum. 

Fia.  H.— Acute  aonlc  enducardlUs :  dlsuctLug  aneurysm  of  periaortic  Epae«. 

Fic.  9,— Aneurysm  of  perisurtlc  gpace  rollonliig  acme  enclocardltli. 

to  the  right  aud  to  the  left  for  a  short  distance  from  the  margins  of 
the  opening  in  the  root  of  the  aorta  ;  the  pmlougation  to  the  left  shon-s 
a  tendency  to  extend  into  the  interventricular  septum.  The  lower 
margin  of  the  aneurysmal  opening,  which  rests  upon  the  top  of  the  inter- 
ventricular septum,  is  ignite  smooth.  The  undefended  space  is  not 
involved  in  the  lesion.  The  aneurysm  does  not  commuuicate  with  any 
other  part  of  the  heart  than  the  left  ventricle.  No  trace  of  aortic 
tissue  is  demonstrable  in  its  walls,  which  in  places  show  a  necrotic  sur- 
face with  leukocytic  and  cellular  infiltration,  especially  around  tnicro- 
coccal  masses,  in  the  deeper  layers.  Micrococcal  masses  are  also  present 
in  the  granular  and  necrotic  layers  on  the  surface. 

Aeule  »trej>tococ<»u  and  ckronie  eiidoeardilis  of  aoriie  valves;  perforation 
of  iutental  wall  of  periaortic  tpace  and  beginning  dingecting  aneurysm. 
This  occurred  in  a  man,  aged  thirty-four  years,  who  died  from  erysipelas 
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and  acute  streptococcus  infection  of  the  aortic  and  mitral  valves  during 
the  course  of  chronic  aortic  endocarditis.  The  left  posterior  and  anterior 
aortic  curtains  are  extensively  ulcerated  and  perforated,  and  in  the 
triangular  space  between  the  two  halves  is  a  ragged  opening  extending 
into  the  periaortic  space,  the  walls  of  which  are  dissected  so  as  to  form 
a  small  cavity. 


A  FURTHER  REPORT   ON  A  CASE   OF  PRESYSTOLIC 

MURMUR  ASSOCIATED  WITH  PREGNANCY,  ETC. 

ORIGINALLY  REPORTED  AT  THE  MEETING 

OF  THE  ASSOCIATION  IN  MAY,  1899. 


By  JAMES  TYSON,  M.D., 

OP  PHILADELPHIA. 


It  may  be  remembered  that  I  read  before  the  Association  at  its 
meeting  in  May,  1899,  a  short  account  of  a  case  of  presystolic  mur- 
mur associated  with  systolic  tricuspid  murmur  complicating  pregnancy 
in  a  woman  who  was  admitted  to  the  Hospital  of  the  University  of 
Pennsylvania  with  these  symptoms  and  condition.  In  addition  she 
had  a  striking  jugular  pulse  simultaneous  with  systole  of  the  ven- 
tricles, a  marked  presystolic  thrill  at  the  apex,  and  increased  area  of 
cardiac  dulness.  There  was  a  thumping  first  sound  characteristic  of 
a  case  of  mitral  stenosis,  with  sharp  accentuation  of  the  pulmonic 
second.  There  were  associated  aggravated  dyspnea  and  distressing 
cough,  emaciation  and  exhaustion,  but  no  dropsy  except  the  amniotic 
dropsy.  The  physical  signs  are  illustrated  by  Fig.  1.  With  the 
birth  of  her  child  came,  as  was  to  be  expected,  marked  improvement 
of  all  symptoms,  including  disappearance  of  the  jugular  pulse,  replace- 
ment of  the  apex,  and  probably  slight  change  in  the  situation  of  the 
right  border.  An  enlarged  liver  could  now  be  recognized.  At  the 
date  of  my  first  report  to  the  Association  her  breathing  rate  was  20, 
her  pulse  60,  and  the  temperature  97.2°,  these  being  approximately 
the  temperature,  pulse,  and  rate  for  three  days  previous.  She  was 
discharged  thus  improved  June  21st,  and  a  month  later  went  to  work 
in  a  shoe  factory,  and  continued  to  work  a  part  of  each  day  until 
Christmas,  1899.  She  could  not,  however,  do  a  full  day's  work  be- 
cause of  shortness  of  breath  easily  induced,  an  irrepressible  drowsi- 
ness at  times,  faintness,  and  sometimes  syncopal  attacks.     Soon  after 
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the  new  year  1900  she  grew  worse,  and  was  readmitted  to  the  hospital 
January  16,  1900. 

Phytical  Examination  on  Readmission,  Negative  as  to  all  organs 
excepting  the  heart.  There  is  visible  pulsation  over  the  left  pre- 
cordium,  and  the  apex-beat  is  visible  and  palpable,  somewhat  irregu- 
lar, in  fifth  interspace  slightly  outside  the  nipple  line.     A  presystolic 
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On  readmission,  March  IG, 

1899. 

thrill  can  be  felt.  Absolute  cardiac  dulness  begins  at  the  lower  edge 
of  the  third  rib,  to  the  left  of  the  sternum,  that  of  the  right  border, 
between  mid-sternum  and  left  edge  of  sternum.  Auscultation  recog- 
nizes a  short,  rough,  presystolic  murmur  at  the  apex^  terminating  in 
a  sharply  accentuated,  thumping  first  sound,  the  first  part  of  diastole 
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being  also  occupied  by  a  murmor.  At  the  tricnapid  area  a  distinct 
systolic  mnnnnr  is  heard,  conducted  a  short  distance  to  the  left  of  the 
aternum  toward  the  apex,  growing  fainter  as  the  latter  is  approached. 
There  is  also  heard  at  base  a  markedly  accentuated  pulmonic  second 
sound.     (See  Fig.  2.) 


Trlcuipia  Heart  dul-         PresysColIc 


Pres)-»Wllc 
thumping  ttm. 


thuniplag  flnl 

found.  sound. 

On  admlBdon,  Januuj  Ifi,  1900.  On  reftdmlnlon,  February  1, 1901. 


On  April  5,  1900,  the  following  note  was  made: 

Mrs.  McC.  has  been  quite  comfortable  for  some  time,  being  up  and 
about  the  ward.  For  purposes  of  examination  she  is  again  put  to  bed. 
Her  temperature  and  pulse-rate  have  been  normal  for  some  weeks ; 
her  breathing-rate  has  varied  between  20  and  27.  On  inspection  we 
find  chest  symmetric,  well  nourished,  and  a  scarcely  appreciable 
prominence  of  the  left  precordium.     Apex-beat  is  not  visible,  but 
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can  be  felt  in  fifth  interspace  in  nipple  line.  At  this  time  there  is 
no  thrill  palpable,  but  sometimes  under  agitation  there  has  been  a 
thrill  since  her  return  to  hospital.  Relative  cardiac  dulness  is  recog- 
nized at  lower  edge  of  third  rib  to  the  left  of  sternum,  and  at  the 
right  in  the  mid-sternal  line.  Absolute  cardiac  dulness  at  the  upper 
edge  of  the  fourth  rib  and  at  the  left  edge  of  sternum.  Auscul- 
tation recognizes  only  a  very  short  presystolic  murmur,  ending  in  an 
exaggerated  thumping  first  sound ;  this  is  much  less  marked  than 
originally.  At  this  time  no  diastolic  murmur  except  the  presystolic 
is  heard,  nor  a  systolic  at  apex,  nor  a  systolic  at  ensiform,  although 
there  was  at  time  of  readmission  and  at  times  since.  Pulmonic  sec- 
ond sound  is  sharply  accentuated  in  strong  contact  with  aortic  sound. 
She  menstruates  regularly  and  has  gained  seven  pounds  since  her 
admission. 

She  was  again  readmitted  February  1,  1901,  having  had  a  cold  all 
winter  and  grippe  early  in  January,  when  she  went  to  bed  and  remained 
there  until  admission  to  hospital.  Before  the  grippe  she  had  at  times 
a  smothering  sensation,  especially  when  she  went  up  stairs  rapidly. 
During  the  grippe  her  lungs  filled  up  and  there  were  copious  expecto- 
rations, sometimes  bloody,  especially  recently.  She  could  not  sleep 
lying  down,  and  had  a  few  fainting  spells.    Her  feet  were  swollen  once. 

On  readmission  her  pulse  was  80,  breathing  26,  and  temperature 
98.6®.  She  was  somewhat  dyspneic,  but  soon  improved  after  rest- 
ing, and  in  a  few  days  seemed  quite  well.  Evidently  her  condition 
was  vastly  improved  as  compared  with  the  first  and  even  second  ad- 
mission. The  physical  examination  the  next  day  recognized  trifling 
prominence  of  the  left  precordium,  breathing  20,  pulse  78,  tempera- 
ture 97.4°.  There  was  no  thrill  appreciable  in  mitral  area;  the 
apex-beat  was  in  fifth  interspace,  mid-clavicular  line.  There  was  no 
presystolic  mitral  murmur,  no  systolic  mitral  murmur,  or  tricuspid 
murmur.  There  remained,  however,  a  thumping  first  sound  at  apex, 
though  less  marked  than  at  previous  admissions,  growing  rapidly 
fainter  as  the  sternum  was  approached  and  disappearing  at  the  third 
rib,  where  the  pulmonic  element  of  the  second  sound  was  well  heard. 
Percussion  found  relative  dulness  to  the  left  of  the  sternum,  at  lower 
border  of  the  third  rib,  absolute  dulness  on  the  fourth  rib  ;  for  the 
right  border  relative  dulness  at  right  border  of  sternum  absolute  at 
about  mid-sternal  line. 
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Fig.  3  indicates  the  area  of  dulness  at  the  third  admission,  and  the 
shading  at  the  apex  the  seat  of  the  thumping  first  sound.  There  was, 
as  mentioned,  no  mitral  murmur  and  no  presystolic  murmur,  although 
at  times  the  latter  seemed  to  come  out  culminating  in  the  thumping 
first  sound. 

There  were  in  addition,  on  admission,  some  physical  signs  of  the 
pulmonary  engorgement,  which  was  responsible  for  her  more  serious 
symptoms  at  this  time,  but  these  rapidly  passed  away,  and  she  was 
discharged  March  20,  1901,  much  improved,  the  last  weeks  of  her 
stay  being  rather  because  1  desired  her  to  remain  in  the  wards  than 
any  real  necessity  for  her  so  doing. 

It  is  not  very  usual  to  have  an  opportunity  to  examine  a  cardiac 
case  at  such  long  intervals  and  exhibiting  so  strikingly  different  stages 
in  returning  compensation  as  this,  which  furthermore  illustrates  typi- 
cally the  changing  physical  signs  of  mitral  stenosis. 


ORCHITIS  AND  EPIDIDYMITIS  IN  TYPHOID  FEVER. 


By  FRANCIS  P.  KINNICUTT.  M.D., 

or  NKW  YORK. 


The  especial  intention  in  the  present  paper  is  to  record  the  clinical 
histories  of  two  cases  illustrating  a  rare  complication  or  sequel  of 
typhoid  fever. 

Orchitis  or  epididymitis  occurring  as  a  complication  or  sequel  of 
typhoid  fever  was  first  alluded  to  by  Velpeau*  in  1844.  An  incom- 
plete case  was  reported  by  Chedevergne^  in  1868,  and  the  first  com- 
plete case  by  Hanot^  in  1873.  Westcott/  in  1898,  had  collected  32 
cases,  and  in  the  same  year  Eshner,*  after  a  thorough  search  through 
the  literature,  was  only  able  to  find  44  cases,  which  have  been  analyzed 
by  him  in  an  interesting  paper.  The  rarity  of  the  lesion  is  also  indi- 
cated by  the  fact  that  in  Pierre  Do's  TMse  de  Lyon,^  1899-1900,  on 
Epididymo-orchitis  of  Typhoidal  Origin,  the  statistics  of  complica- 
tions occurring  in  14,738  cases  of  typhoid  fever,  drawn  from  French 
and  German  sources,  show  no  record  of  any  instance  of  epididymitis 
or  orchitis.  In  Osier's'^  series  of  829  cases  of  typhoid  fever,  published 
in  1900,  orchitis  or  epididymitis  was  observed  only  in  two  instances, 
both  unattended  with  suppuration ;  and  in  the  889  cases  treated  in 
the  Presbyterian  Hospital  from  1892  to  1901  in  my  colleague's  ser- 
vices and  my  own,  this  lesion  was  noted  only  in  the  two  instances 
related  in  the  present  paper. 

It  is  probable  that  the  frequency  of  this  complication  is  greater 
than  the  statistics  indicate.  Aside  from  cases  which  presumably  have 
not  been  reported,  the  fact  that  in  the  44  cases  collected  by  Eshner,*  5 
occurred  after  the  second  week  of  convalescence,  1  of  these  as  late  as 
the  ninth  week,  suggests  the  presumption  that  cases  occur  in  which 
the  true  origin  of  the  orchitis  is  not  suspected. 
The  two  cases  which  form  the  subject  of  the  present  paper  occurred 
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nearly  simultaneously  in  my  service  in  the  Presbyterian  Hospital 
during  the  past  winter,  and  the  interesting  opportunity  was  afforded  of 
studying  and  comparing  their  different  clinical  histories. 

Case  I. — D.  S.,  male,  aged  twenty- four  years,  was  admitted  to  the  Presby- 
terian Hospital  in  my  service  on  January  30,  1901,  apparently  on  the 
seventh  day  of  his  illness.  The  previous  diagnosis  of  typhoid  fever  was  con- 
firmed after  admission.  The  Widal  test  gave  a  positive  result  on  the  tenth 
day  of  the  disease.  The  infection  was  of  a  moderately  mild  type ;  the  max- 
imum temperature  did  not  exceed  104.5°,  and  there  was  only  slight  mental 
disturbance.  The  treatment  was  the  customary  one,  viz.,  the  cold  bath.  The 
illness  was  an  uneventful  one,  without  complications.  The  morning  temper- 
ature was  normal  on  the  twenty-first  day  of  the  illness,  and  both  morning  and 
evening  temperatures  were  normal  on  the  twenty-third  day.  The  leukocyte 
range  was  unusual  both  during  the  course  of  the  fever  and  later  in  con- 
valescence in  the  presence  of  a  sequential  lesion.  On  admission  the  leukocyte 
count  was  8000  and  remained  at  about  this  point  until  the  fifteenth  day  of 
the  patient's  illness,  when  it  rose  to  14,000.  There  was  then  little  variation 
until  the  eighteenth  day,  when  the  count  was  11,000,  and  from  this  date  it 
gradually  but  continuously  receded  to  7000.  The  increase  in  the  number  of 
leukocytes  occurred  without  appreciable  cause,  and  the  decrease  continued  in 
the  presence  of  a  lesion  during  convalescence. 

The  urine  was  examined  every  other  day  during  the  patient's  stay  in  the 
hospital.  A  faint  trace  of  albumin  was  present  from  admission  until 
February  21,  the  twenty-ninth  day  from  the  beginning  of  the  illness,  but  at 
no  time  were  casts  found.  The  catheter  was  not  used  during  the  patient's 
stay  in  hospital,  and  there  was  at  no  time  any  urethral  discharge.  There 
was  no  history  or  evidence  of  gonorrheal  infection  in  the  past. 

On  the  fifth  day  of  normal  morning  and  evening  temperatures  the  patient 
complained  of  slight  pain  in  the  right  groin,  and  on  examination  what 
appeared  to  be  a  swollen  gland  could  be  detected.  The  temperature  rose  to 
101°.  On  the  following  day  the  apparent  swollen  gland  was  found  to  be  the 
cord,  enlarged,  hard,  and  sensitive,  in  the  inguinal  canal.  The  following 
day  the  swelling  had  reached  the  external  ring,  and  in  the  course  of  the  suc- 
ceeding twenty-four  hours  the  morbid  process  had  extended  to  the  epididymis 
and  testicle. 

The  cord  could  now  be  palpated,  swollen,  hard,  and  sensitive  throughout 
the  inguinal  canal  into  the  scrotum  to  the  epididymis.  The  epididymis  and 
the  testis  proper  became  markedly  swollen  and  very  sensitive.  There  was  no 
effusion  into  the  tunica  vaginalis. 

Almost  simultaneously  with  the  appearance  of  the  swelling  of  the  cord, 
pain  and  tenderness  were  developed  in  the  upper  portion  of  the  long 
saphenous  vein.  The  phlebitis  gradually  extended  along  the  course  of  the 
vein  to  the  lower  part  of  the  leg,  and  was  attended  with  moderate  swelling  of 
the  leg  and  thigh. 
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The  Bwelling  and  tenderness  of  the  cord  and  testicle  gradually  subsided, 
and  on  discharge  from  hospital,  on  the  sixteenth  day  after  the  first  appear- 
ance of  the  symptoms,  the  only  evidence  of  the  testicular  lesion  consisted  of 
a  slight  induration  and  sensitiveness  of  the  epididymis.  The  temperature 
remained  slightly  above  normal  until  the  eleventh  day  after  the  development 
of  the  orchitis  and  phlebitis  of  the  saphenous  vein.  There  was  still  sensi- 
tiveness along  the  course  of  the  saphenous  vein  and  moderate  swelling  of  the 
leg  and  thigh  on  the  patient's  discharge. 

The  study  of  other  cases  of  orchitis  occurring  in  the  convalescence  of 
typhoid  fever  indicates  that  the  lesion  is,  an  a  rule,  attended  with  little 
constitutional  disturbance.  The  persistence  of  the  fever  in  the  present  case 
was  attributed  to  the  concurrent  phlebitis  of  the  saphenous  vein.  Bacterio- 
logic  examination  of  the  urine  was  not  made. 

On  examination  of  the  patient  on  April  20th,  ten  weeks  after  discharge 
from  hospital,  all  physical  signs  of  a  lesion  of  cord,  epididymis,  and  testicle 
were  absent.  The  leg  and  thigh  were  still  slightly  swollen,  but  tenderness 
on  palpation  along  the  course  of  the  saphenous  vein  had  disappeared.  The 
patient  complained,  however,  of  pain  along  the  course  of  the  vein  and  of 
tenderness  in  the  testicle  after  much  standing  or  walking. 

Case  II. — A.  S.,  male,  aged  thirty-four  years,  was  admitted  to  the  Pres- 
byterian Hospital,  in  my  service,  December  18,  1900,  apparently  on  the 
fourteenth  day  of  his  illness.  On  admission  the  Widal  test  gave  a  positive 
result,  the  spleen  was  palpable,  there  was  a  copious  and  characteristic 
typhoid  eruption,  the  leukocyte  count  was  8000.  There  was  no  history  of 
venereal  disease  in  the  past,  there  was  no  urethral  discharge,  and  a  catheter 
was  not  used  during  the  patient's  illness.  The  infection  was  of  a  mild  type. 
The  maximum  temperature  was  104°.  There  was  no  mental  disturbance,  and 
a  normal  morning  temperature  was  reached  on  the  tenth  day  after  admission, 
apparently  on  the  twenty-fourth  day  of  the  illness.  Both  morning  and 
evening  temperatures  were  normal  on  January  2d,  the  thirtieth  day  of  the 
illness. 

The  urine  on  admission  contained  a  small  amount  of  albumin  and  a  few 
hyaline  and  granular  casts;  and  similar  conditions  were  noted  until  January 
10th.  On  December  31st,  a  very  considerable  number  of  leukocytes  were 
found  in  the  urine,  and  a  slight  degree  of  pyuria  continued  to  be  present 
until  January  10th.  From  this  date  examinations  of  the  urine  were  negative 
until  the  discharge  of  the  patient  from  hospital,  January  30th. 

With  the  development  of  the  pyuria  there  was  a  rise  of  temperature, 
maximum  102°,  which  persisted  during  its  continuance.  From  January  10th 
there  were  normal  morning  and  evening  temperatures  until  January  14th, 
when  the  evening  temperature  rose  to  101°.  Two  days  later  the  temperature 
was  normal  and  remained  so  until  the  patient's  discharge  from  hospital. 

Coincident  with  the  last  rise  of  temperature  the  patient  complained  of 
pain  in  the  right  testicle.  On  the  following  day  the  scrotum  was  reddened, 
the  epididymis  and  testis  proper  were  both  involved,  being  greatly  swollen 
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and  acutely  seDsitive.  The  epididymis  was  especially  affected.  The  cord 
apparently  was  not  implicated.  The  inflammatory  symptoms  rather  rapidly 
subsided,  and  on  January  30th,  the  date  of  discharge,  the  only  remalDing 
sign  of  the  lesion  was  a  slight  tenderness  and  induration  of  the  epididymis. 
The  urine  was  not  examined  for  typhoid  bacilli. 

The  patient  was  readmitted  on  February  26th.  A  week  after  discharge 
from  hospital  there  was  a  recurrence  of  pain  in  the  right  testicle,  which  agnia 
became  swollen  and  sensitive.  These  conditions  persisted  until  his  re- 
admission. 

On  admission  the  temperature  was  normal,  the  right  half  of  the  scrotum 
was  reddened  and  greatly  swollen.  On  palpation,  both  the  epididymis  and 
testicle  were  found  to  be  swollen,  hard,  and  exquisitely  sensitive.  At  one 
point  over  the  testis  proper  fluctuation  was  appreciable.  There  was  no 
efi'usion  into  the  tunica  vaginalis.  The  cord,  double  its  normal  size  and  very 
hard  lo  the  feel,  could  be  traced  from  the  epididymis  to  the  external  ring 
and  throughout  the  inguinal  canal. 

On  examination  by  Dr.  Tilden  Brown,  the  seminal  vesicles  were  found  to 
be  insensitive  and  apparently  of  normal  size.  The  prostate  was  slightly 
enlarged,  but  not  sensitive  on  palpation.  The  ordinary  urinary  examination 
was  entirely  negative,  and  bacteriologic  examination  of  the  urine  failed  to 
reveal  Eberth's  bacillus. 

Aspiration  at  the  point  of  fluctuation  was  made,  and  a  small  amount  of  pus 
was  obtained.  The  bacteriologic  examination  of  the  pus  by  Dr.  Tuttle,  the 
assistant  pathologist  of  the  hospital,  demonstrated  the  presence  of  Eberth's 
bacillus  in  pure  culture. 

The  swelling  and  sensitiveness  of  the  testicle,  epididymis  and  cord  have 
very  slowly  subsided. 

The  cord,  two  months  after  the  readmission  of  the  patient,  can  be  palpated 
as  far  as  the  internal  ring ;  it  is  hard,  nearly  double  the  size  of  the  cord  of 
the  opposite  side,  and  slightly  sensitive.  Both  the  testicle  and  epididymis 
are  still  very  hard  to  the  feel,  and  a  small  sinus  leads  to  the  body  of  the  testis, 
through  which  minute  shreds  of  necrotic  tissue  are  occasionally  extruded. 

In  the  53  cases®  of  testicular  inflammation  occurring  in  the  course 
or  during  the  convalescence  of  typhoid  fever,  which  comprise  the 
literature  of  the  subject,  suppuration  developed  in  13.  Bacteriologic 
examination  demonstrated  the  presence  of  Eberth's  bacillus  in  pure 
culture  in  the  pus  from  6  of  the  cases.*  In  a  single  instance^®  pyo- 
genic cocci  alone  were  found.  The  remaining  6  cases"  were  reported 
prior  to  or  about  the  date  of  Eberth's  discovery  of  the  specific  bacil- 
lus of  typhoid  fever. 

In  1  non-suppurative  case^"  Eberth's  bacillus  was  obtained  in  pure 
culture  from  the  serosanguinolent  fluid  withdrawn  by  an  aseptic 
puncture  of  the  testicle. 
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In  view  of  the  bacteriologic  findings,  the  iLSual  origin  of  orchitic 
lesions  in  typhoid  fever  cannot  be  doubted.  Apparently  only  excep- 
tionally is  the  infection  due  to  other  micro-organisms  than  Eberth's 
bacillus.     It  remains  to  consider  the  probable  channels  of  infection. 

It  is  probable  that  the  bacilli  reach  the  testicle  both  by  the  blood- 
stream and  from  the  urethra  through  the  intermediary  of  the  vas 
deferens.  That  Eberth's  bacillus  in  great  numbers  is  found  in  the 
urine  in  a  large  percentage  of  cases  of  typhoid  fever  is  now  well 
known. 

In  Case  I.,  of  those  whose  clinical  histories  have  been  given,  the 
pathologic  process  evidently  originated  in  the  cord  within  the  inguinal 
canal  or  at  a  point  above  it,  and  thence  gradually  extended  to  the 
epididymis  and  the  testicle. 

It  will  be  recalled  that  it  was  possible  to  trace  the  gradual  progress 
of  the  lesion,  the  epididymis  only  being  affected  forty-eight  hours 
after  the  cord  was  palpable  (swollen,  hard,  and  sensitive)  in  the  canal. 
The  prior  implication  of  the  cord  suggests  an  original  infection  either 
of  the  vas  or  of  the  spermatic  veins,  producing  a  phlebitis  with  throm- 
botic formation  and  a  secondary  implication  of  the  vas  by  contiguity. 
The  nearly  simultaneous  development  of  a  phlebitis  of  the  internal 
saphenous  vein  suggests  the  possibility  of  a  similar  lesion  of  the 
spermatic  veins.  It  will  be  recalled  that  the  internal  saphenous  vein 
receives  the  external  pudic  which  crosses  the  spermatic  cord. 

In  Case  II.  the  infection  affected  the  epididymis  and  testicle  to  the 
exclusion  of  the  cord  in  the  first  attack.  It  was  acutely  involved  in 
the  recrudescence. 

It  may  be  of  interest  to  analyze  briefly  Eshner's  44  cases*  and  the 
9  additional  ones,'  which  I  am  able  to  add,  of  orchitis  and  epididy- 
mitis occurring  in  the  course  or  during  the  convalescence  of  typhoid 
fever,  comprising  all  cases  found  in  the  literature  of  the  subject  which 
give  sufiBcient  detail  to  be  of  value. 

Sixteen  cases  developed  during  the  course  of  the  fever :  of  these, 
1  occurred  during  the  second  week ;  6  during  the  third ;  2  during 
the  fourth ;  1  during  the  fifth ;  1  during  the  sixth ;  2  during  the 
seventh ;  2  at ''  defervescence  ;"  1  at  time  not  definitely  stated. 

Thirty-five  cases  developed  during  convalescence:  of  these,  11 
developed  during  the  first  week ;  7  during  the  second ;  3  during 
the  third ;  1  during  the  fourth ;  1  during  the  fifth ;  1  during  the 
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sixth ;  11  at  a  time  not  definitely  stated.  In  2  cases  the  date  of  de- 
velopment is  not  given. 

In  2  cases  the  inflammation  affected  both  sides,  in  45  it  was  unilat- 
eral^ and  in  6  cases  no  statement  is  made  of  its  localization. 

Of  the  unilateral  cases,  22  were  on  the  right  side,  21  on  the  left, 
and  in  the  remaining  2  it  is  not  stated  on  which  side. 

The  epididymis  only  was  involved  in  7  cases ;  the  testicle  only  in 
16  cases ;  both  epididymis  and  testicle,  in  26  cases ;  and  in  the  re- 
maining 4  a  distinction  is  not  made  between  the  testis  proper  and  the 
epididymis. 

There  was  effusion  into  the  tunica  vaginalis  in  9  cases ;  in  10  it  is 
noted  that  such  effusion  was  absent ;  and  in  34  no  statement  is  made 
on  this  point. 

Suppuration  occurred  in  13  cases,  partial  necrosis  in  5  cases,  com- 
plete necrosis  in  2  cases,  atrophy  of  the  testicle  in  1  case,  and  death 
in  2  cases,  but  without  apparent  relation  to  the  complication. 

Recovery,  with  residual  nodules  in  the  epididymis,  is  noted  in  17 
cases  ;  the  subsequent  histories  of  these  cases  would  be  of  interest. 

The  bacteriologic  examinations  of  the  pus  in  the  suppurating  cases 
have  been  given  earlier  in  this  paper. 

A  study  of  these  cases  justifies  the  following  conclusions  : 

1.  Epididymitis  or  orchitis  occurring  in  the  course  or  during  the 
convalescence  of  typhoid  fever  is  a  rare  lesion  and  is  of  typhoidal 
origin. 

2.  Only  very  exceptionally  is  it  due  to  secondary  microbic  infec- 
tion. 

3.  It  develops  at  a  late  period  in  the  disease  or  during  conval- 
escence. 

4.  The  lesion,  although  as  a  rule  unilateral,  may  be  bilateral,  and 
involves  either  the  epididymis  or  testicle,  or  both,  and  not  infrequently 
the  cord. 

6.  Effusion  into  the  tunica  vaginalis  is  rare. 

6.  Termination  most  often  is  by  resolution. 

7.  Suppuration  occurs  in  25  per  cent,  of  all  cases. 

8.  Localized  necrosis  and  extrusion  of  testicular  tissue  are  not  un- 
common. 

9.  Exceptionally  there  is  destruction  of  the  entire  testicular 
structures. 
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10.  Atrophy  of  the  testicle  occurs,  bnt  is  a  rare  sequence. 

11.  The  lesion  gives  rise  to  little  constitutional  disturbance. 

12.  Death  as  a  direct  result  of  the  lesion  has  not  been  noted. 
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DISCUSSION. 

Dr.  Osler:  As  illustrating  the  very  late  occurrence  of  this  complication, 
I  may  refer  to  a  case  at  present  under  my  care.  The  man  had  typhoid  nearly 
three  months  ago,  and  about  two  weeks  ago  he  was  admitted  with  orchitis 
on  the  left  side.  The  typhoid  bacillus  was  found  in  the  urine  during  the 
course  of  the  disease,  but  he  went  out  of  the  hospital  without  it,  and  the  ex- 
amination was  negative  on  his  return. 

Dr.  Shattctck  :  The  first  example  of  this  that  I  ever  saw  happened  in  my 
service  at  the  Massachusetts  Hospital  last  autumn.  Curiously  enough,  I 
believe  three  cases  occurred  at  the  same  time  in  the  service  of  Dr.  Fitz  on 
the  opposite  side  of  the  hospital. 
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Dr.  MuesER :  One  of  the  patients  admitted  to  the  Uniyersity  Hospital  late 
in  the  course  of  typhoid,  recently  had  an  orchitis  which  we  attributed  to  the 
typhoid.  His  primary  attack  of  typhoid  was  so  mild  that  he  had  not  even 
gone  to  bed,  but  the  orchitis  brought  him  down. 

Dr.  Williams:  I  would  like  to  add  another  case  which  occurred  in  my 
service  at  the  City  Hospital  last  autumn. 


Dr.  Baumgarten  :  As  these  cases  seem  rare,  I  may  mention  one  seen  last 
year  in  private  practice.  It  occurred  in  a  young  boy,  aged  sixteen  years, 
who  had  passed  through  an  ordinary  attack  of  typhoid  fever.  The  orchitis 
occurred  during  the  fifth  week  of  the  typhoid,  and  was  preceded  by  an  in- 
flammation of  the  internal  saphenous  vein. 
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TuE  cause  of  death  in  superficial  burns  is  so  obscure  that  even 
indirect  evidence  is  worthy  of  consideration,  and  a  few  points  are 
here  indicated  which  favor  the  supposition  that  a  toxemia  is  pro- 
duced which  in  its  effects  is  largely  similar  to  the  toxemias  of 
bacterial  origin.  It  is  not  the  object  of  this  paper  to  discuss  that 
problem,  but  to  put  forward  some  points  which  may  augment  our 
knowledge  of  the  lesions  of  this  condition,  which  have  been  very 
carefully  described  by  Bardeen  in  an  article  published  in  1897  in 
the  Journal  of  Experimental  Medicine  and  further  elaborated  in  the 
Johna  Hopkins  Hospital  Reports^  vol.  vii.  Therein  he  has  described 
the  visceral  changes  which  occur,  laying  particular  stress  upon  the 
effects  produced  in  the  lymphatic  system.  In  the  most  advanced 
state  he  finds  the  centers  of  the  lymphatic  follicles  everywhere  in  a 
condition  which  he  describes  as  necrotic,  indicated  by  a  broken- up 
condition  of  the  germinal  and  surrounding  regions,  where  bits  of 
deeply-staining  chromatin  and  granular  vacuolated  protoplasm  are 
scattered  about,  the  whole  being  underlaid  by  a  background  of 
large,  flattened  cells  similar  to  the  reticulum  and  the  cells  which 
line  the  lymph  sinuses  ;  these  are  phagocytic,  and  rapidly  engulf 
the  debris.  Phagocytosis  seems  also  to  be  carried  on  by  the  larger 
leucocytes.  It  is  this  picture  which  illustrates  his  interpretation 
of  the  term  focal  necrosis,  which  is  to-day  so  variously  construed 
bv  different  observers. 

m 

The  similarity  of  his  findings  in  every  one  of  five  cases  which  he 
examined  was  so  great  as  to  favor  the  view  that  these  focal  necroses 
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are  a  characteristic  lesion  in  the  lymphatic  tissue.  The  cases  which 
are  here  dealt  with  indicate  that  damage  to  the  lymphatic  tissae 
always  occurs  (where  life  has  been  prolonged  after  the  burning), 
but  that  the  extent  of  this,  even  in  severe  cases,  may  fall  short  of 
the  stage  of  focal  necrosis.  The  lymphatic  tissue  sustains  injuries 
which  vary  in  degree  but  not  in  kind,  a  variation  due  to  differing 
tissue  resistance  or  to  differing  strength  and  amount  of  toxin  ;  and 
while  a  single  case  may  indicate,  as  we  would  expect,  various 
stages  of  damage,  even  to  focal  necrosis,  yet  a  given  case  need  not 
show  any  of  these  extreme  effects.  We  cannot  lose  sight  of  the 
fact  that  lymphatic  tissue  engaged  in  a  constant  struggle  with 
toxins  and  other  enemies  of  the  body  will  practically  never  be  free 
from  the  changes  produced  by  slight  irritations,  and  that  this 
variability  will  be  powerful  in  preventing  the  occurrence  of  a  char- 
acteristic lesion.  Although  the  pathologic  facts  cited  may  not  be 
definite  and  clear-cut,  attention  may  be  directed  to  the  striking 
similarity  they  bear  to  the  effects  of  the  chemical  toxins  of  the 
better  known  bacterial  diseases. 

The  series  consists  of  seventeen  cases,  in  five  of  which  I  was  able 
to  make  the  postmortem  examination,  obtaining  full  lymphatic 
material ;  from  four  others  I  was  able  to  obtain  the  superficial 
glands  (generally  inguinal,  under  a  burned  area),  although  autopsy 
could  not  be  performed  ;  for  the  eight  others  I  depended  upon  the 
autopsy  reports  of  the  Montreal  General  Hospital  for  1900,  and 
was  able  to  obtain  material  from  the  organs  which  were  kept  as  a 
matter  of  routine,  but  which  in  only  one  case  included  lymphatic 
glands.  Six  cases  were  in  children  under  six  years — one  was 
twelve  years  old,  the  rest  adults.  Three  died  instantly,  two  lived 
five  hours,  one  seven  hours,  five  twenty-four  hours  or  less,  one  thirty 
hours,  the  longest  duration  of  life  being  eight  days.  At  autopsy 
the  intestinal  tract  was  noted  as  healthy  in  six  ;  in  four  various 
degrees  of  mucosal  injection  were  observed  ;  in  one  duodenal  ulcers, 
two  in  number,  were  found  ;  in  five  the  brain  or  meninges  showed 
change  ;  in  three  the  respiratory  system  or  some  part  thereof  was 
affected  ;  five  showed  general  congestion  of  organs  ;  two  cloudy 
swelling  of  organs  ;  in  two  only  was  marked  glandular  enlarge- 
ment noted.  The  glandular  tissue  examined  consisted  of  mesenteric 
and  bronchial,  superficial  and  deep  inguinal  glands. 
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The  particulars  of  cases  are  given  briefly  as  follows  : 

Case  1.— Female,  aged  six  years,  lived  twenty-four  hours. 

Case  2. — Male,  aged  twelve  years,  burned  by  caustic  soda,  lived  thirty- 
five  hours.  Congestion  of  internal  organs;  almost  entire  destruction  of 
superficial  layers  of  skin;  thrombosis  of  superficial  vessels;  pulmonary  apo- 
plexy ;  ecchymosis  of  pericardium. 

Case  3. — Male,  elderly,  lived  five  hours.  Mesenteric  glands  enlarged, 
soft,  and  on  section  caseous ;  pulmonary  tuberculosis. 

Casb  4. — Male,  aged  three  years,  lived  twenty-four  hours.  Spleen  con- 
gested ;  high  degree  of  nephritis. 

Casb  5. — Male,  aged  four  years,  lived  sixteen  hours.  Edema  and  conges- 
tion of  brain ;  acute  gastritis ;  moderate  nephritis. 

Case  6. — Female,  aged  twenty-four  years,  lived  eighteen  hours.  Conges- 
tion of  lungs ;  localized  areas  of  gastritis  and  enteritis. 

Case  7. — Female,  aged  four  years;  lived  four  hours.  Hyperemia  and 
congestion  of  brain,  spinal  cord,  and  meninges ;  congestion  of  abdominal 
organs. 

Case  8. — Male,  adult,  lived  less  than  twenty-four  hours. 

Case  9. — Female,  middle-aged,  lived  five  hours.  Injection  of  meninges ; 
spleen  and  liver  swollen  and  "  cloudy," 

Case  10. — Female,  aged  forty-five  years,  lived  thirty  hours. 

Case  11. — Female,  aged  twenty  months,  lived  ninety -six  hours.  Edema 
and  congestion  of  brain  ;  pallor  of  organs. 

Case  12.— Female,  aged  thirty-three  years,  lived  eight  days.  Several 
small  areas  where  mucosa  of  stomach  is  absent  (autopsy  twenty-six  hours 
after  death),  around  which  is  injection  of  vessels ;  duodenum  congested. 

Case  13. — Female,  aged  twenty-eight  years,  lived  ninety  hours.  Three 
cm.  from  pyloric  ridge  are  two  duodenal  ulcers;  mesenteric  glands  enlarged ; 
Peyer's  patches  granular  and  raised  ;  localized  enteritis. 

Case  14. — Female,  aged  forty  years. 

Case  15. — Female,  aged  forty-two  years. 

Case  16. — Female,  aged  twenty  years. 

In  all  three  of  these  cases  burns  of  third  degree;  no  lymphatic  changes. 

Case  17.— Female,  aged  seven  months.  Lymph  glands  enlarged ;  thymus 
very  large;  congestion  of  brain,  meninges,  and  lungs. 

In  the  three  cases  spoken  of  as  dying  instantly  (dead  when 
removed  from  a  burning  building),  the  lymph  glands  showed  no 
change,  and  death  having  probably  been  due  to  suflFocation  they 
may  be  dismissed  without  further  comment.  The  lymphatic  glands 
examined  in  the  six  other  cases  exemplify  two  conditions,  or,  it 
may  be,  two  stages  of  the  same  process.  The  more  striking  of  the 
two  (I  hesitate  to  call  it  the  more  advanced)  shows  the  follicle  with 
cleared  central  portion,  and  densely  packed  periphery,  a  condition 


156  HCCRAE, 

sometimes  demonstrable  in  a  section  to  the  naked  eye  ;  the  less 
evident  degenoration  is  diffuse,  scattered,  and  apparent  onlj  upon 
close  microscopic  observation.  The  former,  indicating  a  definite 
focal  change,  was  represented  in  the  series  by  Cases  11  and  13  (the 
latter  a  child  of  twenty  months,  living  ninety-six  hours  after  inflic- 
tion of  the  burn).  As  Bardoen  has  described,  the  follicle  presents 
a  striking  picture,  the  center  contrasting  strongly  with  the  periphery. 
In  the  periphery  the  densely-packed  blue  leukocyte-nuclei  make  a 
dark  surrounding  ring,  the  center  beingastrongly  contrasting  pink. 


Area  or  pmlirentllnn  »n<l  t'hll>.■ocylo^l^  Lnlymtih  uImiiI.    Es|iecLally  noUtble  la  tbe  n«cdom 
of  tblB  area  ironi  fraMiuent.--  ami  ihe  larue  Irregular  iiiicl^  of  Ihe  enilotbeltal  ccIIk 

This  central  portion  consists  of  large,  flat,  slightly  granular  cells, 
thrice  the  diameter  of  a  lymphocyte,  of  various  shapes,  triangnlar, 
quadrilateral,  multipolar,  and  some  even  almost  circniar.  These 
last-named  apjwared  to  be  free,  and  those  of  the  irregular  shapes 
to  be  stationary  and  to  form  part  of  the  reticulum  of  the  gland. 
The  region  of  these  cells  seemed  to  !«  singularly  free  from  nuclear 
fragments,  the  nuclei  of  the  cells  themselves  standing  out  distinctly 
and  mostly  round,  althnugli  on  closer  inspection  a  few  bladder-like 
nuclei  arc  seen,  in    which  the  chromatin  is   coarsely  reticulated. 
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The  cell  bodies  belonging  to  these  last  nuclei  are  very  hard  to 
demonstrate. 

Cell  inclusions  in  the  fixed  cells  I  have  not  seen,  although  the 
free  cells  frequently  show  contained  lymphocytes,  each  inclusion 
apparently  occupying  a  vacuole.  If  we  compare  these  large  cells 
with  the  stroma  cells  of  a  normal  lymph  gland  we  find  that  the 
former  are  larger  and  more  granular,  although  in  every  lymph 
gland  from  which  the  lymphocytes  have  been  shaken  out  there  are 
cells  which  are  identical  in  appearance.  If,  as  we  suppose,  these 
cells  are  the  proliferated  endothelial  cells  of  the  reticulum  or  of  the 
capillaries  (enlarged  and  multiplied  under  the  stimulus  of  a  toxin 
of  moderate  intensity),  it  is  not  at  all  strange  that  we  should  find 
them  in  lymphatic  tissue  which  we  call  normal,  for  if  we  consider 
the  conditions  to  which  lymphatic  tissue  is  at  all  times  exposed  it 
can  be  readily  understood  that  slight  irritations  are  constantly  in 
health  stimulating  the  lymphatic  tissue,  the  greater  number  of 
these  cells  in  the  glands  in  toxic  conditions  intimating  a  greater 
intensity  of  toxin.  All  evidence  seems  to  be  in  favor  of  the  view 
that  these  proliferated  endothelial  cells  are  phagocytic,  both  in  their 
free  and  their  fixed  state  (although,  as  I  have  said,  I  saw  no 
evidence  of  phagocytosis  of  the  fixed  cells).  On  no  other  supposi- 
tion can  the  rapid  disappearance  of  all  traces  of  cellular  d6bris  be 
explained. 

In  the  periphery  of  the  follicle  the  presence  of  these  cells  could 
not  be  made  out,  for  a  sudden  transition  occurs  from  the  clear  area 
of  endothelial  cells  to  the  margin  where  the  lymphocytes  are  so 
densely  packed  as  to  prevent  any  other  cells  being  seen.  All  these 
lymphocytes,  though  aggregated  in  greater  numbers  than  usual, 
are  practically  normal. 

In  the  second  class  of  cases,  which  comprised  the  larger  part  of 
the  series,  no  focal  changes  were  evident,  but  there  were  in  each 
one  indications  of  a  more  diffuse,  less  violent  change  in  the 
lymphatic  tissue.  At  various  parts  of  the  gland  careful  search 
will  show  fragmented  nuclei,  degenerating  lymphocytes,  the  large 
endothelial  cells  just  described,  and  at  times  these  large  cells  par- 
tially degenerated.  In  these  sections  there  is  no  difficulty  in  find- 
ing inclusions  in  the  large  free  cells.  Although  under  high  powers 
of  the  microscope  these  conditions  are  found  in  various  parts  of  the 


158  MCCRAE, 

lymphatic  tissue,  the  glands  viewed  under  a  low  power  convey  no 
idea  of  a  high  grade  of  degeneration. 

The  explanations  afiforded  of  the  cause  of  this  breaking  up  of 
cells  in  the  region  of  the  germinal  centers  is  not  a  very  satisfy- 
ing one.  The  supposition  that  death  is  caused  by  the  formation  of 
toxic  substances  in  the  blood,  due  to  breaking-down  of  tissue  sub- 
stance, bears  with  it  considerable  weight.  It  lies  outside  the  scope 
of  this  pa{)er,  yet  one  may  go  so  far  as  to  say  that  the  lesions  found 
strongly  suggest  such  a  condition. 

When  one  finds  the  region  immediately  surrounding  the  point  of 
emergence  of  the  blood  from  the  capillary  in  a  state  of  necrosis,  the 
idea  immediately  arises  that  a  toxic  condition  of  the  blood  has 
caused  it.  It  has  been  suggested  that  there  has  been  a  great  outflow 
of  blood  from  the  capillary  by  which  the  cells  are  excited  to 
destructive  activity.  The  phase  ^'  destructive  activity  ''  is  often 
upon  our  lips,  but,  like  too  many  others,  has  no  rational  basis. 
The  mother  cell,  truly  enough,  may  sacrifice  its  existence  to  its 
progeny,  they  in  turn  to  their  progeny,  but  when  reproductive 
force  is  expended,  and  the  ultimately  produced  cells  can  no  longer 
reproduce,  they  do  not  die  but  rather  cease  to  reproduce.  The 
biologist  sees  in  the  cell  the  counterpart  of  the  more  complex 
organism,  and  there  is  no  real  reason  why  we  should  attribute 
functions  to  the  one  that  are  utterly  at  variance  with  the  practice 
of  the  other.  Therefore,  a  more  rational  explanation  of  the  destruc- 
tion of  the  germinal  center  of  the  lymph  follicle  is  that  an  actual 
poison  is  poured  out  of  the  capillaries,  and  in  its  most  undiluted 
form  strikes  the  cells  of  the  germinal  centers  first,  and  exerts  upon 
them  its  greatest  effects,  viz.,  a  sudden  killing  and  immediate  dis- 
integration of  the  cell. 

It  may  be  urged  that  this  toxin  ought  first  to  affect  the  cells  of 
the  capillaries.  It  doubtless  does,  urging  them  to  proliferation  of 
the  endothelial  cells,  the  newly-formed  cells  being  thrown  into  the 
capillaries  and  constituting  the  free  large  granular  cells  of  which  we 
have  spoken  above.  Should  it  i)e  further  urged  that  the  toxin 
which  can  kill  a  lymphocyte  can  kill  an  endothelial  cell,  we  can 
point  to  the  proliferated  endothelial  cells  at  the  center  of  the  fol- 
licle, which  appear  to  be  in  a  resistant  living  state,  w'hile  the  lympho- 
cytes which  once  occupied  the  same  region  have  been  overcome. 
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It  must  doubtless  be  that  the  '' cleared-center"  state  of  the 
lymph  follicle  is  a  later  stage  than  the  so-called  '^  necrotic  center '' 
condition  ;  but  the  question  arises  here,  have  the  lymphocytes 
really  been  killed  by  toxins  ?  or  have  they  fallen  victims  to  the 
phagocytic  power  of  the  enormously  proliferated  endothelial  cells  ? 
It  is  probable  that  both  factors  have  been  at  \york,  though  the 
question  must  remain  an  open  one.  Rather  in  favor  of  the  all- 
conquering  power  of  the  endothelial  cells  are  Metchnikoff's  obser- 
vations upon  the  phagocytosis  of  lymphocytes  by  the  endothelial 
cells  in  normal  digestion  in  the  intestinal  villi,  and  as  indicating 
in  the  enlarged  and  multiplied  endothelial  cells  a  state  of  activity 
hardly  consistent  with  true  necrosis  there  may  be  cited  a  point 
which  appears  in  the  study  of  the  sections  of  the  intestine  of  Case 
13.  In  the  solitary  lymph  follicles  of  the  intestine  and  in  the 
Payer's  patches  which  are  enlarged  there  appear  similar  *'  cleared  " 
areas  in  which  endothelial  cells  only  are  to  be  seen  (saving  a  few 
lymphocytes)  exactly  like  the  areas  described  in  the  lymphatic 
glands. 

In  some  places  so  much  do  the  follicles  abut  upon  the  intes- 
tinal lumen  that  the  ^'cleared  area"  is  separated  from  the  in- 
testinal lumen  only  by  an  infinitesimally  narrow  barrier,  consisting 
of  a  dozen  layers  of  lymphocytes. 

If  this  follicle  be,  a^  it  appears  to  fee,  in  a  state  of  '^  necrosis," 
it  is  to  be  expected  that  infection  by  bacteria  will  occur,  with  con- 
sequent destruction  and  ulceration.  All  indications  point  to  the 
fact  that  these  so-called  focal  necroses  exist  in  the  lymph  follicles 
of  the  intestine  in  a  fair  percentage  of  cases.  Yet  intestinal  ulcers, 
especially  in  the  lower  parts  of  the  small  intestine,  are  not  a 
feature  in  death  by  burns.  In  the  absence  of  subsequent  ulcera- 
tion, can  we  consider  these  as  true  necroses  ?  I  think  not.  Bar- 
deen's  own  high  power  photomicrograph,  published  in  the  articles 
spoken  of,  shows  the  area  of  so-called  necrosis,  covered  by  debris, 
but  underlaid  by  the  endothelial  cells.  It  is,  therefore,  not  with 
his  observations  that  issue  is  taken,  but  with  his  interpretation. 
This  condition  of  tissue  indicates,  I  think,  not  true  necrosis  (the 
result  of  intense  continued  toxemia),  but  rather  *'  proliferation  and 
phagocytosis,  the  result  of  weaker,  more  dilute  toxins,"  if  I  may 
borrow  Mallory's  term  ;  and  by  phagocytosis  we  must  here  under- 
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stand  not  only  phagocytosis  by  the  endothelial  ceils,  but  also  the 
more  familiar  leukocytic  phagocytosis. 

According  to  the  appearance  of  these  '^  cleai'ed  areas  "  the  action 
of  the  lymphatic  gland  appears  to  be  this  :  The  first  line  of 
defence  consists  of  the  lymphocytes  and  leukocytes  as  seen  in  a 
normal  gland.  In  opposing  the  toxins  this  first  line  of  defence  is 
broken  up  and  overcome,  but  the  same  attack  which  overcomes  the 
first  line  of  defence  stimulates  and  calls  into  existence  the  second 
line  of  defence — i.  c,  the  enlarged  proliferated  endothelial  cells, 
which  in  turn  oppose  the  toxins,  and,  to  judge  by  the  resistant 
appearance  of  these  cells,  do  so  successfully.  It  is  not  to  be  sup- 
posed that  the  lymph  gland,  with  its  second  line  of  defence  thrown 
into  the  breach,  is  stronger  than  at  first,  for  very  little  increase  of 
toxic  power  might  suffice  to  turn  the  scale  ;  but  the  point  is,  that 
such  a  gland  is  not  in  a  necrotic  but  in  an  actively  resistant  state. 

In  assisting  us  to  an  understanding  of  the  pathology  of  the  con- 
dition these  large  endothelial  cells  are  a  very  important  point,  for 
they  are  found  not  only  in  the  lymphatic  glands  and  in  the  intes- 
tinal follicles,  but  also  in  the  capillaries  of  the  liver  of  several  of 
the  cases  cited  here.  Mallory^s  work  upon  these  cells  leads  us  to 
suppose  that  their  wide-spread  occurrence  in  toxic  conditions  is  by 
no  means  yet  fully  recognized.  In  the  present  observations  I  have 
found  them  in  the  liver  of  cases  of  death  shortly  after  accident,  in 
the  lymph  glands  of  peritonitis,  in  the  spleen  of  cerebro-spinal 
meningitis,  in  the  spleens  of  myocarditis  and  of  chronic  tuberculosis; 
in  fact,  in  conditions  which  have  little  in  common.  In  the  recently 
published  monograph  of  Councilman,  Mallory,  and  Pearce  on  diph- 
theria, as  well  as  in  the  earlier  work  of  Mallory  upon  the  lesions 
of  typhoid  fever,  these  cells  have  been  described,  and  the  last- 
named  author  in  an  article  on  ^'  Proliferation  and  Phagocytosis" 
referred  to  them  as  a  result  of  moderate  toxemia.  To  them  I  must 
acknowledge  the  explanation  of  these  cells  at  a  time  when  the  find- 
ing of  them  in  various  conditions  and  in  various  organs  had  proved 
a  great  difficulty.  The  existence  of  these  cells,  so  exactly  similar 
to  those  found  in  the  lymphatic  lesions  of  diphtheria,  seems  to  be  a 
strong  argument  in  favor  of  the  action  of  a  toxin  of  a  chemical 
nature  circulating  in  the  blood  of  the  burned  body.  The  existence 
of  these  cells  elsewhere  will  be  further  commented  upon. 
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Scarcely  less  interesting  than  the  lymphatic  lesions  are  the  con- 
ditions apparent  in  the  kidney.  Finding  in  the  kidneys  of  the 
eases  of  young  children  a  great  degeneration,  it  was  forcibly  appar- 
ent that  the  picture  was  here  once  more,  that  of  an  acute  toxemia 
of  a  chemical  nature,  for  the  greatest  lesions  appeared  in  the 
glomeruli  and  in  the  upper  parts  of  the  convoluted  tubules.  In 
no  one  of  the  cases  was  the  kidney  unaffected,  although  in  the  two 
cases  of  advanced  age  the  changes  were  partly  interstitial,  and  irri- 
tation previous  to  the  infliction  of  the  burns  had  produced  exten- 
sive changes.  But  in  the  cases  of  the  young  children  the  marks 
of  an  intense  nephritis  were  present.  The  glomeruli  showed  con- 
siderable enlargement;  so  great,  indeed,  that  frequently  no  capsular 
space  could  be  seen,  and  where  it  was  apparent  there  was  frequently 
cellular  debris  present  in  the  space,  though  fibrin  was  never  seen. 
The  glomeruli  in  all  cases  showed  an  excess  of  cells,  very  few  of 
which  were  of  the  nature  of  blood  cells,  so  that,  presumably,  the 
capillary  endothelium  had  undergone  great  proliferation,  although 
mitotic  figures  were  not  demonstrated. 

The  convoluted  tubules  in  the  majority  of  the  cases  were  mere 
masses  of  cellular  debris,  with  scarcely  any  nuclei  apparent  ;  side 
hy  side  with  these  were  tubules  with  a  high  degree  of  hyaline 
degeneration.  The  descending  loops  of  Henle  and  the  collecting 
and  discharging  tubules  generally  showed  no  degeneration,  and  the 
interstitial  tissue  had  not  apparently  suffered  to  any  extent.  Con- 
gestion was  not  especially  marked.  My  attention  not  being  directed 
sufficiently  early  in  the  work  to  the  blood  changes,  the  use  of 
alcohol  as  a  preservative  prevents  my  speaking  with  any  degree  of 
certainty  upon  the  occurrence  of  pigment  in  the  organs. 

From  observation  of  these  cases  it  would  appear  as  if  consider- 
able stress  should  be  laid  upon  the  kidney  condition  as  being 
always  well  advanced,  although  the  lesions  are  in  no  sense  char- 
acteristic of  any  condition  other  than  a  toxemia  resembling  that 
produced  by  chemical  poison  eliminated  by  the  glomeruli  and  the 
convoluted  tubules. 

The  localization  of  the  tubular  changes  is  strongly  suggestive  of 
toxemia  in  that  the  portions  of  the  organ  affected  are  those  that 
possess  a  selective  power,  the  tissue  suffering  while  it  excretes  the 
toxins.     In  the  liver  six  cases  showed  great  intracellular  deposit 
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of  pigment  in  tlie  nelU  of  the  ceDtral  parts  of  the  lobules  ;  four 
cases  showed  fatty  infiltratioD  of  high  degree  ;  one  showed  fatty 
degeneration,  and  one  cloudy  swelling  of  the  cells,  results  which 
may  be  dwelt  upon  only  as  indicating  once  more  the  similarity  to 
the  condition  found  in  tosic  Btates.  The  point  of  interest  was  the 
appearance  here  of  the  large  granular  cells,  similar  to  the  free  cells 
seen  in  the  lymphatic  glands.  Here  I  found  the  notes  I  had  made 
npon  these  cells  corresponding  entirely  to  those  of  CouneilmaD, 
Mallory,  and  Pearce  upon  the  cells  found  in  the  liver  in  diphtheria. 
Some  of  these  cells  were  exactly  similar  to  liver  cells,  but  their 
nature  was,  to  my  mind,  entirely  proved  by  finding  so  many  of 
thera  partially  adherent  to  the  cells  of  the  endothelium  of  the 
capillaries  aa  well  as  free  therein.  Many  of  these  cells  were  long 
and  narrow  and  so  distorted  as  to  give  the  impression  of  their 
having  been  under  pressure  at  some  recent  time,  the  largest  appear- 
ing 40  to  60/i  in  length.  The  occurrence  of  these  cells  in  the 
capillaries  is  strongly  f>iiggestive  of  the  belief  that  the  wandering 
cells  of  the  lymphatic  areas  are  produced  by  the  endothelium  of 
the  capillaries  (as  well  as  possibly  by  the  proliferation  of  the  fixed 
reticulum  cells  of  the  part).  The  "  free  "  cells  of  die  liver  capil- 
laries did  not,  as  a  general  rule,  show  inclusions;  but  this  may  be 
due  to  the  uon-existence  of  necrosis  in  the  liver,  or  to  the  fact  that 
if  these  very  cells  had  travelled  from  elsewhere  in  the  circulation 
they  had  had  time  to  complete  the  digestion  of  the  cells  they  had 
devoured. 

The  intestines  of  some  of  the  cases  show  ujion  gross  examinatioD 
swelling  and  prominence  of  the  lymphatic  follicles,  and  in  Case 
XIII.  {which  had  two  duodenal  ulcers)  there  were  found  the 
"  cleared  areas,"  as  elsewhere  in  the  lymphatic  tissue,  the  lai^e 
endothelial  cells  being  again  the  prominent  feature,  and  the  region 
of  these  cells  showing  no  nuclear  debris. 

The   eon<litious  found  in  the  spleen   scarcely  call   for  further 

to  point  out  that  the  Malpighian  bodies  in  Cases 

I.  showed  the  "  cleared  areas,"  that  the  bodies  were 

rery  prominent,  and  the  intervening  tissue  frequently 

e  deposit  of  blood -corpuscles,  most  of  which  appeared 

a  of  the  cause  of  death  has  been  voluminously  dls- 
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cussed  by  many  writers,  and  so  excellent  a  summing  up  of  the  lit- 
erature has  been  made  by  Dr.  Bardeen  that  further  enlargement 
upon  it  is  superfluous.  Since  that  time  but  little  is  to  be  found 
upon  the  pathology  of  burns.  C.  Parascandolo^  finds  that  injection 
of  ptomains,  extracted  from  the  blood,  muscles,  and  organs  of 
burned  animals,  produces  a  condition  in  the  cells  of  the  nervous 
system  which  is  not  to  be  distinguished  from  that  produced  by 
infections.    . 

In  conclusion,  the  points  which  I  would  like  to  emphasize  are 
these  : 

1.  The  entire  pathologic  picture  presents  great  similarity  to 
conditions  found  in  the  diseases  characterized  by  the  presence  of 
toxins  of  bacterial  origin  in  the  blood. 

2.  Damage  to  the  lymphatic  tissue  is  a  constant  feature,  but  is 
not  necessarily  focal,  some  cases  presenting  only  diffuse  degenera- 
tion. The  cases  which  live  but  a  few  hours  after  infliction  seem 
more  likely  to  present  the  *^  focal  ^'  condition  than  those  which 
live  a  longer  time,  as  the  condition  which  I  interpret  as  prolifera- 
tion and  phagocytosis  is  one  which  may  rapidly  disappear. 

3.  The  focal  lesions  are  not  a  true  necrosis,  but  rather  a  pro- 
liferation of  the  endothelial  cells  of  the  reticulum  and  of  the  capil- 
laries^ and  a  phagocytosis  of  the  leukocytes  and  endothelial  cells, 
to  which  latter  is  due  the  fragmented,  disintegrated  appearance 
which  suggests  a  true  necrosis. 

4.  This  '^  cleared  center"  state  is  an  indication  of  an  actively 
resistant  though  not  unimpaired  gland. 


DISCUSSION. 

Dr.  Flexneb:  This  paper  is  a  very  welcome  confirmation  of  Dr.  Bar- 
deen's  studies,  and  also  a  very  valuable  addition  to  the  results  which  he 
obtained.  It  is  interesting  to  recall  that  the  inciting  agent  to  the  study  of 
this  work  by  Dr.  Bardeen  was  found  in  the  similarity  of  the  lesions  observed 
at  autopsy  in  a  group  of  cases  coming  together  with  the  lesions  found  by  Dr. 
Welch  and  myself  in  experimental  diphtheria  in  lower  animals.  The  simi- 
larity was  so  striking  that  it  was  suggested  to  Dr.  Bardeen  to  make  a  study 
of  the  lymph  glands  and  other  structures  taken  from  widely  different  por- 

'  Archivee  de  Physiol.  Nor.  et  Path.,  Paris,  1898,  5  s.,  x.  p.  714. 
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tions  of  the  body,  and  be  studied  tbem  with  tbe  results  that  Dr.  Adami  has 
mentioned.  The  lymph-gland  changes  that  occur  early  are  chiefly  con- 
cerned with  proliferation  in  the  centers  of  the  nodes  and  what  we  would 
take  to  be  evidences  of  individual  cellular  necrosis.  I  am  willing  to  adopt 
Dr.  McCrae's  views  as  to  thftt  being  a  phagocytosis,  but  if  the  process  can  be 
compared  with  that  taking  place  in  toxin  infections  we  have  in  this  a  dis- 
integration of  the  center  of  the  nodule.  It  is  a  surprising  picture,  and  one 
who  has  viewed  burns  in  the  light  of  toxemias  can  realize  how  similar 
they  are. 

Dr.  Jacobi  :  I  would  like  to  ask  if  there  is  any  relation  between  these 
changes  which  have  been  demonstrated  and  the  physical  changes  that  take 
place  in  the  blood  after  burns.  The  physical  changes  consist  in  the  change 
of  hemoglobin  into  methemoglobin.  That  the  kidneys  should  be  affected 
in  such  cases  is,  I  believe,  an  old  experience.  When  the  blood  is  changed 
in  that  way,  when  large  masses  of  methemoglobin  are  found,  the  first 
masses  are  found  in  the  kidneys.  That  was  the  universal  finding  in  the 
cases  I  described  first,  more  than  twenty-five  years  ago,  of  poisoning  by 
chlorate  of  potassium.  The  same  is  true  of  other  poisons.  I  attributed  it 
to  acute  nephritis  at  first,  not  knowing  at  that  time  of  the  changed  condi- 
tion in  the  hemoglobin,  which  was  first  demonstrated,  long  after  my  first 
publications  on  the  subject,  by  Marchand,  in  Halle,  Germany. 

Dr.  Welch  :  I  would  like  to  say  a  word  about  the  interpretation  of  these 
focal  lesions.  Of  course,  it  is  very  gratifying  that  both  of  these  studies 
have  resulted  in  favor  of  the  theory  that  the  fatal  efiect  of  extensive 
burns  is  really  due  to  some  sort  of  toxin,  and  it  is  very  likely  that  is  the 
result  of  the  local  action  of  the  heat  upon  the  blood  in  the  superficial 
capillaries  of  the  body,  for,  of  course,  no  one  dreams  that  it  is  really  pro- 
duced by  bacteria.  As  Dr.  Flexner  has  said,  we  would  be  quite  prepared  to 
accept  this  view  that  the  nuclear  fragments  are  the  result  of  the  digestion 
of  the  epithelial  cells  by  these  large  phagocytes.  While  it  is  not,  of  course, 
permitted  to  come  to  any  definite  conclusion  from  a  priori  arguments,  I 
find  some  difficulty  in  thinking  of  such  a  theory  as  Dr.  Adami  has  described. 
The  sum  of  it  is  that  the  poison  or  toxin  stimulates  certain  cells  to  prolifera- 
tion, and  these  at  once  begin  to  dispose  of  the  lymphoid  cells  in  the  neigh- 
borhood. I  cannot  understand  how  that  can  be,  and  it  seems  to  me  it  would 
be  better  for  nature  to  proceed  to  utilize  these  large  phagocytic  cells  to  dis- 
pose of  cells  previously  damaged.  These  large  endothelioid  cells  are  supposed 
to  be  taking  on  a  pernicious  function  and  devouring  the  good  cells  to  the 
extent  of  a  further  and  needless  damage  to  the  body.  We  think  of  the 
toxin  as  doing  the  harm,  and  then  let  the  endothelioid  cells,  which  are 
thought  of  as  more  important  cells  than  the  phagocytes,  step  in  and  dispose 
of  the  previously  damaged  cells. 

I  do  not  think  the  important  question  hinges  altogether  on  whether  those 
fragments  are  produced  one  way  or  the  other.    There  is  simply  a  little  diffi- 
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cully  in  my  mind  as  to  accepting  the  interpretation  which  Mallory  and 
McCrae  have  given. 

Dr.  Adami  :  I  trnst  that  Dr.  McCrae's  paper  has  not  given  the  impres- 
flion  of  Berioua  divergence  from  Dr.  Bardeen's  views.  On  the  contrary,  Dr. 
Bardeen's  article  must  he  regarded  as  the  hasis  upon  which  Dr.  McCrae's 
research  was  developed — and  Dr.  McCrae  arrives  at  the  same  conclusion, 
namely,  that  the  changes  in  the  tissues  clearly  indicate  the  existence  of  a 
toxemia,  and  this  toxemia  is  to  he  regarded  as  a  most  important  factor  in 
the  production  of  the  disturbances  which  follow  severe  burns.  Only  he  did 
not  find  the  constant  presence  of  focal  necroses  in  the  lymphatic  glands, 
upon  which  Dr.  Bardeen  laid  considerable  stress.  Here  I  may  state  that  I 
do  not  regard  it  as  impossible  that  the  latter  found  actual  necrotic  condi- 
tions ;  it  is  to  be  noted  that  all  his  cases  occurred  in  members  of  one  family, 
and  it  may  be  that,  as  a  family  idiosyncrasy,  the  affection  of  the  endothelial 
cells  was  severer  in  his  cases  than  is  usual,  that  necrosis  followed  enlarge- 
ment and  proliferation. 

Dr.  McCrae's  sections  show  what  are  clearly  various  stages  of  enlargement 
and  proliferation  of  the  endothelial  cells  of  the  lymphoid  reticulum.  In 
answer  to  Dr.  Welch's  remarks,  I  would  urge  that  several  observations  by 
different  observers  indicate  that  an  irritant  which  will,  for  example,  lead  to 
the  destruction  of  the  lymphocytes  may  but  cause  the  enlargement  and  pro- 
liferation of  endothelial  cells,  and  that  we  have  evidence  that  under  the 
influence  of  bacterial  toxins  these  latter  cells  are  peculiarly  apt  to  show 
enlargement  and  to  exhibit  phagocytic  functions.  Indeed,  we  may  legiti- 
mately suppose  that  these  larger  endothelial  cells  have  greater  power  of 
resistance,  and  that  toxins  introduced  into  their  neighborhood  may  stimu- 
late the  more  resistant  endothelial  cells — '*  macrophages,"  as  Metchnikoff 
has  termed  them,  though  I  do  not  like  the  term — or  to  engulf  the  damaged 
leukocytes  of  the  disturbed  area. 


n()tp:s  on  the  trp:atment  of  some  forms  of 

cancer  by  the  x-rays. 


By  FRANCIS  H.  WILLIAMS,  M.D.. 

OP  BOSTON. 


It  is  yet  too  early  to  make  a  report  at  length  on  the  use  of  the 
X-rays  in  the  treatment  of  certain  forms  of  cancer,  and  I  should 
not  have  presented  anything  at  this  meeting  had  I  not  felt  bound 
to  respond,  though  it  must  be  very  unsatisfactorily,  to  the  invitation 
of  our  honored  President  to  read  a  short  paper. 

It  has  been  recognized  for  manv  vears  that  certain  forms  of 
cancer,  esi)ecially  face  cancer,  can  be  relieved,  sometimes  tem- 
porarily and  sometimes  |Xirmanently,  by  the  use  of  caustics  or  the 
actual  cauterv.  It  is  also  well-known  that  bv  the  use  of  the  X-ravs 
we  may  pnxluce  burns.  If  we  use  the  rays  in  such  a  way  as  to 
cause  a  bum,  and  good  results  are  brought  about,  it  does  not  follow 
that  the  X-rays  have  playeil  any  other  part  than  that  of  a  caustic. 
I  wish  to  present  to  you,  briefly,  some  of  the  cases  which  I  have 
treated  where  the  caustic  action  of  the  X-rays  was  avoided,  and, 
therefore,  it  s(x»ms  pn^bable  that  the  X-rays  are  re:>|)onsible  for  the 
good  results,  and  that  we  have  in  them  a  novel  therapeutic  agent 
that  is  useful  in  this  as  well  as  in  other  diseases. 

It  occurrtnl  to  me  that  certain  of  my  [Kitients  who  were  old  and 
j)erhaps  not  very  well  nourisheil  might  have  improved  temjx>rarily 
Ixixiuse  of  the  care  and  diet  reirivtHl  in  the  hospital,  but  further 
investig;itic>n  slioweil  me  that  this  exj)lanation  would  not  hold,  as 
most  of  tlioiu  o:ime  fn^in  the  out-jxntient  de|xirtment  of  the  hospital 
or  horn  my  own  praotire,  and,  theivfore,  no  change  had  taken  place 
in  their  environment.  The  onlv  new  element  intnKluced  into  their 
tn^unient  has  Ix'on  the  exposniv  of  the  diseaseil  area  to  the  X-rays 
for  a  few  minutes  daily,  or,  in  <ome  ease^,  for  two  or  three  times  a 
w(H.'k,     The  details  of  the  nietliod  for  i^irrvinir  out  this  treatment. 
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and  the  precautions  to  be  taken,  are  given  in  my  book  on  The 
JRdnfgen  Rayn  hi  Medicine  and  Surgery^  which  is  now  in  press ;  but 
perhaps  it  will  be  well  to  state  here  that  while  any  risk  of  an  X-ray 
bum  should  be  avoided  with  scrupulous  care,  it  should  be  realized 
tliat  even  in  experienced  hands  such  a  risk  is  greater  when  the 
X-rays  are  used  as  a  curative  agent  than  when  they  are  employed 
simply  as  a  means  of  physical  examination.  I  do  not,  however, 
wish  to  excite  apprehension  in  the  mind  of  anyone,  for  I  have  had 
no  untoward  results  in  several  hundred  exposures,  but  only  to  warn 
all  who  may  attempt  to  carr}^  out  the  treatment  that  it  is  necessary 
to  proceed  with  great  care. 

I  should  modify  the  above  statement  by  saying  that  I  can  con- 
ceive of  cases  in  which  it  may  be  best  to  push  the  therapeutic  action 
of  the  X-rays  so  far  that  a  bum  is  caused — that  is  to  say,  in  order 
to  get  more  of  the  beneficent  action  of  the  X-rays  we  accept  a  bum 
which  is  detrimental. 

In  all  my  cases  of  external  cancer  except  one  — which  was  without 
doubt  a  rodent  ulcer — a  small  specimen  of  the  growth  has  been 
submitted  to  a  pathologist,  usually  to  Professor  F.  B.  Mallor}', 
Assistant  Pathologist  of  the  Boston  City  Hospital.  For  his  careful 
examinations  and  reports  I  desire  here  to  express  my  appreciation 
and  thanks. 

The  first  case  I  will  take  up  is  that  of  a  young  man  with  a  small 
epidermoid  carcinoma  of  the  lip.  The  growth  healed,  and  the 
enlarged  gland  near  the  symphysis  of  the  jaw  disappeared  after 
treatment.     (See  Figs.  1,  2,  3,  and  4.) 

Another  patient,  aged  fifty  years,  who  had  been  suffering  for  four 
months  from  epithelioma  of  the  lip  (no  illustrations  given),  Avhich 
began  four  years  ago  as  a  small  sore,  was  very  instructive  to  me. 
When  I  first  saw^  him  the  lip  was  between  two  and  three  times  as 
thick  as  usual.  It  was  indurated,  and  its  surface  ulcerated  and 
broken  by  deep  furrows  in  which  a  thin,  pus-like  fluid  had  col- 
lected. The  odor  was  penetrating,  and  as  nearly  unbearable  as  any- 
thing could  be,  but  disappeared  after  a  few  exposures  to  the  X-rays 
had  been  made ;  the  pain  was  also  relieved.  The  patient  is  now 
at  work,  and  improvement  is  going  on  without  furtlier  treatment. 
There  is  no  induration,  and,  except  shallow  grooves  across  the  lip 
and  a  small  place  on  which  a  crust  remains,  this  lip  has  healed. 
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During  the  treatment  a  portion  of  the  chin,  just  under  the  lower  lip, 
on  which  hair  was  growing,  was  exposed  to  the  rays  from  time  to 
time,  and  then  attempts  \\ere  made  to  pull  out  the  hair  with  forceps, 
in  order  to  see  if  it  had  been  loosened,  but  it  had  not.  This  surface 
was  thus  exposed  to  make  sure  that  the  treatment  of  the  new-gro\\-th 
was  not  being  carried  so  far  as  to  cause  a  burn. 

A  case  of  a  typical  ejnthelioma  of  the  hand  of  a  man,  aged  seventy- 
three  vears,  indicates  that  we  are  not  limited  to  verv  small  o:n)wths 
in  this  use  of  the  X-rays.  This  growth  measured  4x7  centimeters. 
A  small  wart  had  been  torn  off  the  hand,  and  in  five  months  the  new 
growth  had  the  proportions  shown  in  Figs,  o  and  6.  There  was 
much  induration  about  the  ulcer.  The  report  from  the  Pathologic 
I^aboratory  of  tlio  Boston  City  Hospital,  made  by  Professors  Coun- 
cilman and  Mai  lory,  on  a  specimen  taken  before  treatment  by  the 
X-rays  was  begun  (soe  Fig.  7),  is  as  follows : 

*^  Tiie  growth  shows  a  typical,  rapidly-growing  epidermoid  carci- 
noma containing  many  epithelial  pearls.  Mitotic  figures  are  numer- 
ous. The  surface  of  the  growth  is  ulcerated  ;  the  underlying  tissue 
is  infiltrated  with  many  poly  nuclear  leukocytes.  The  carcinoma 
extends  out  at  the  edge  for  some  distance  in  the  corium,  underneath 
the  normal  epidermis." 

Nothing  short  of  amputation  would  have  been  considered  formerly 
when  so  large  and  ugly  a  growth  was  in  question.  It  seemed  pre- 
sumptuous to  attiick  it  by  gentle  means,  but  as  a  smaller  growth 
had  yielded  to  this  treatment  it  was  simply  a  question  of  meeting 
the  same  enemy,  although  presented  in  a  more  formidable  way. 
Tliis  ease  I  attacked  vigorously  and  persistently,  and  although  it  is 
too  recent  a  ease  to  l)e  healed,  vet  the  results  thus  far  are  sjitisfac- 
tory.  After  eight  weeks  of  daily  exposure  of  five  or  ten  minutes' — 
sometimes  of  twentv  minutes' — duration,  the  induration  was  larsrelv 
gone  and  the  surface  of  the  ulcer  had  come  down  to  the  level  of  the 
skin,  and  the  growth  was  a  little  smaller  in  size  (see  Fig.  8). 

At  this  time  I  had  a  thin  specimen  taken,  reaching  down  to  the 
full  depth  of  the  growth  and  from  the  center  of  the  ulcerated  area 
to  a  point  well  beyond  the  edge  of  the  growth  into  the  hejilthy  skin. 
This  specimen  was  kindly  examined,  at  my  recjuest,  by  Drs.  Coun- 
cilman and  Mallory,  and  they  reported  that  the  central  |K)rtion  of 
the  ulcerated  area  was  entirely  free  from  any  carcinomatous  growth, 
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and  that  the  whole  area  showed  no  evidence  of  carcinoma  except  at 
the  edge  near  and  beneath  the  epidermis,  where  a  few  small  islands 
of  epithelial  cells,  some  of  which  were  divided  by  mitosis,  were 
present. 

Through  the  kindness  of  Dr.  J.  II.  Wright,  who  has  charge  of 
the  Pathologic  Laboratory  of  the  Massachusetts  General  Hospital, 
I  am  able  to  present  the  preceding  (see  Fig.  7)  and  the  two  follow- 
ing photomicrographs  (see  Figs.  9  and  10),  which  Dr.  Wright  had 
made  for  me  from  the  two  specimens  already  alluded  to. 

The  safety  of  the  method,  if  properly  employed,  is  illustrated  by  the 
following  case  of  a  man,  aged  fifty  years,  who  had  had  an  epidermoid 
cancer  of  the  eyelid  for  ten  years.  (See  Fig.  11.)  During  the  past 
six  months  it  liad  begun  to  grow  rapidly  and  to  ulcerate  at  the 
center.  Dr.  ().  F.  Wadsworth  preferred  not  to  operate,  and  sent 
the  patient  to  me.  Steady  improvement  has  taken  place  in  the 
growth  without  any  injury  to  the  eye  itself,  although  the  exposures 
to  the  X-rays  were  made  directly  over  the  eye,  with  no  protection 
for  it  except  closing  the  lids.     (See  Fig.  12.) 

Two  cases  of  rodent  ulcer  are  doing  well  under  this  treatment,  and 
one,  of  which  a  cut  is  shown  (Fig.  13),  has  healed  completely. 
(See  Fig.  14.)  In  a  third,  a  case  of  long  standing,  and  in  which 
the  disease  was  far  advanced,  the  treatment  by  the  X-rays  was 
interrupted  in  order  that  an  operation  might  be  done. 

It  is  not  improbable  that  when  a  cancer  is  of  considerable  size, 
more  rapid  and  better  results  can  be  obtained  by  the  application 
of  the  X-rays  after  an  o{>eration  has  been  performed  to  remove 
the  greater  jmrt  of  it. 

Though  I  have  not  limited  myself  to  the  study  of  external  forms 
of  cancer,  I  will  not  discuss  at  present  the  results  obtained  by  this 
method  in  internal  forms.  Some  of  these  growths,  such  as  cancer 
of  the  tongue,  or  parts  of  the  uterus,  can  be  classed  among  the 
external  forms,  as  by  the  exercise  of  a  little  ingenuity  they  can  be 
reached  directlv. 

The  special  points  that  my  present  experience  suggests  may  be 
thus  summarized : 

1.  That  this  treatment  causes  no  pain. 

2.  That  there  need  be  no  delay  on  account  of  dread  of  the  knife. 

ft 

3.  That  the  pain  and  odor  are  (juickly  relieved. 
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4.  That  healing  L?  produced  without  causing  any  burn. 

5.  That  the  rej^ults  from  a  cosmetic  stand-point  are  excellent. 

6.  That  some  cases  improve  after  a  certain  number  of  sittings 
without  further  renewal  of  treatment. 

7.  That  treatment  can  be  ambulatory,  and  can  be  carried  on 
without  the  work  in  which  the  patient  is  engaged  being  given  up, 
even  temporarily. 

8.  Signs  of  improvement  begin  within  two  or  three  weeks. 
The  disadvantages  are : 

1.  That  great  care  should  be  exercised  when  using  the  X-rays  as 
a  therapeutic  agent. 

2.  That  the  apparatus  is  expensive  and  difficult  to  use  properly. 

3.  That  the  treatment  must  be  continued  for  some  time. 

In  conclusion,  let  me  state  that  the  work  here  presented  in  the 
treatment  of  cancer  is  to  be  regarded  simply  as  preliminary  in  char- 
acter. The  results  thus  far  have  been  favorable  in  everv  case  of 
external  cancer  that  has  come  under  my  care  in  which  the  treatment 
has  been  persistently  carried  out.  The  exception  is  the  case  already 
alluded  to,  in  which  treatment  was  stopped  after  a  few  sittings  in 
order  that  an  operation  might  be  done.  It  is  too  early  as  yet  to 
know  how  permanent  these  results  will  be. 

To  Drs.  Burrell,  Cheever,  Wadsworth,  Gavin,  Monks,  and  Bartol, 
who  have  kindly  referred  patients  to  me,  I  am  especially  indebted. 

Note. — In  order  not  to  multiply  unnecessarily  the  number  of 
cuts,  I  only  give  some  of  those  shown  at  the  meeting.  The  cuts  are 
from  my  book,  by  permission  of  the  Macmillan  Company. 


DISCUSSION. 

Dr.  Bond  :  I  would  like  to  ask  Dr.  Williams  whether  he  has  made  any 
experiments  to  determine  which  of  the  two  classes  of  rays — the  cathodal  or 
the  X-rays — does  the  work,  and,  furthermore,  what  effect  has  the  interposi- 
tion of  a  cloth  between  the  patient  and  the  tube? 

Dr.  Peabody  :  I  would  like  to  ask  whether  all  of  these  cases  were  sub- 
jected to  the  microscope  for  diagnosis ;  and,  secondly,  whether  they  were 
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consecutive  cases,  or  whether  any  cases  treated  between  them  did  not  show 
as  good  results. 

Dr.  Williams:  The  cathode  rajs  generate  the  X-rays,  and  the  bene- 
ficial results  arising  from  exposure  to  an  excited  vacuum  tube  are  probably 
due  to  the  X-rays  and  not  to  other  factors. 

There  is  no  disadvantage  in  placing  a  cloth,  or  anything  that  the  X-ray 
can  easily  penetrate,  between  the  patient  and  the  tube. 

All  my  cases  were  submitted  for  microscopic  examination  except  one  of 
undoubted  rodent  ulcer,  which  is  not  included  in  this  report. 

Every  case  that  I  have  treated  has  improved  except  one,  and  in  this  the 
treatment  was  interrupted  after  a  short  time,  and  was  not  resumed. 


THEORETICAL    AND    PRACTICAL    CONSIDERATIONS 

ON  THE  TREATMENT  OF  JACKSONIAN  EPILEPSY 

BY  OPERATION,  WITH  THE  REPORT 

OF  FIVE  CASES. 


By  JAMES  JACKSON  PUTNAM,  M.D.. 

OF  BOSTON. 


The  necessity  of  giving  advice  as  to  the  propriety  of  cortical 
excision  and  of  operation  in  general,  in  a  case  of  non-traumatic 
focal  epilepsy,  which  came  recently  under  my  observation,  has  led  me 
to  review  the  literature  bearing  on  this  interesting  disease,  and  to 
scrutinize  afresh  the  results  of  my  personal  experience. 

It  is  now  more  than  a  quarter  of  a  century  since  Hughlings  Jackson 
first  divined  the  localization-mosaic  of  the  Rolandic  convolutions,  and 
many  years  since  Horsley,  well  trained  by  experimental  research,  had 
the  courage  to  attempt  with  the  knife  the  solution  of  the  question 
whether  one  may  argue  that  epileptic  seizures  which  begin  with  a 
"signal  symptom"  are  due  to  localized — possibly  removable — forms 
of  disease. 

This  problem  is  still  and  will,  perhaps,  long  remain  unsolved,  but 
each  new  decade  brings  fresh  data  to  renew  the  interest  of  the  inquiry, 
as  waves  of  hopefulness  or  discouragement  succeed  each  other  in  the 
professional  mind.  Among  the  more  recent  advocates  for  the  view 
that  focal  disease,  discoverable  only  by  the  microscope,  may  be  the 
cause  of  so-called  "focal  epilepsy,'*  and  that  the  removal  of  portions 
of  the  cortex  containing  this  altered  tissue  and  constituting  the 
"center''  corresponding  to  this  initial  symptom  of  the  fit  may,  if 
done  early  enough,  cure  the  disease,  is  Dr.  Joseph  Collins,^  who  dis- 
cusses, in  the  autumn  number  of  Brain,  1896,  the  histologic  changes 

^  Dr.  CoUiDB  expressly  repudiates  any  desire  to  generalize  on  the  basis  of  these  cases,  and  it 
is  not  here  Intended  to  imply  that  he  does  so. 
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in  two  interesting  cases,  where  thorough  excision  had  been  done  by 
Gerster  and  by  Curtis.  A  private  note  from  Dr.  Collins  states  that 
one  of  these  patients  has  remained  free  from  attacks  up  to  the  present 
time — that  is,  for  six  years  since  operation.  In  the  first  case  the  pia 
mater  was  thickened  and  adherent  to  the  altered  cortex ;  in  the  other 
only  degeneration  of  the  large  ganglion  cells  was  found.  Collins 
speaks  (p.  384)  of  this  diseased  tissue  as  having  been  *'  entirely 
removed;"  but  in  regard  to  this  point,  one  may  be  permitted  to  feel 
a  grave  doubt  which  cannot  be  removed  by  any  evidence  that  the  case 
has  thus  far  furnished.  And  this  to  my  mind  is  an  important  matter, 
because,  if  similar  tissue  has  been  left  behind,  the  anatomic  condi- 
tions for  a  renewal  of  the  epileptic  attacks  still  exist,  and  if  the  attacks 
do  not  recur  we  may  have  to  seek  the  explanation  in  the  inhibitory 
effects  of  the  operation,  and  then  the  question  arises  whether  similar 
effects  might  not  have  been  produced  by  less  severe  measures.  Cer- 
tainly there  is  an  abundance  of  evidence  that  fits  may  cease,  or  fail 
to  occur,  in  spite  of  the  presence  of  persistent  sources  of  irritation. 

The  object  of  this  paper  is  to  consider  some  of  the  questions  here 
involved,  which  I  will  state  as  follows : 

1.  Is  the  removal  of  disease-foci  involving  the  cortex  of  clinical 
value  ? 

2.  Does  the  removal  of  the  cortex  itself,  when  apparently  un- 
chauged,  add  an  influence  of  material  importance  ? 

3.  How  are  the  results  of  such  measures  as  these  best  to  be  ex- 
plained, and,  especially,  is  the  benefit  obtained  from  cortical  excision 
necessarily  due  to  the  removal  either  of  a  focus  of  disease  or  of  a 
special  "discharge-focus?" 

4.  What  additional  light  has  been  thrown,  by  recent  experimental 
researches  and  clinical  observations,  on  the  physiology  of  the  cerebral 
cortex  ? 

The  views  which  I  shall  maintain  are  (1)  that  operations  of  many 
different  sorts  are  of  value ;  (2)  that  the  beneficial  action  of  these 
operations,  although  complex  in  character,  is  mainly  due  to  the  in- 
duction of  a  temporary  inhibition  of  the  morbid  action  of  the  cortex, 
which  permits  of  the  establishment  of  a  more  normal  tendency ;  (3) 
that  the  removal  of  the  apparently  normal  cortex  is  rarely  advisable, 
and,  when  beneficial,  acts  mainly  as  above  indicated ;  (4)  that  the 
cause  of  the  persistence  of  the  "  epileptic  habit "  is  not  to  be  sought 
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alone  in  anatomic  peculiarities  of  the  brain,  but  that  it  shares  the 
vitality  and  independent  endurance  of  memories  in  general.  Also, 
the  symptom-groups  which  present  themselves  after  cortical  lesions 
conform,  in  general,  to  certain  special  types,  which  recur  without 
being  closely  dependent  on  the  localization  of  the  cerebral  injury. 
These  symptom-groups  represent,  in  fact,  efforts  at  the  formation  of  a 
new  equilibrium  on  the  part  of  a  being  endowed  with  consciousness 
and  memory  on  the  one  hand,  and  with  a  complex  brain-mechanism 
on  the  other.  The  principle  on  which  this  readjustment  goes  on  in 
cases  of  actual  cerebral  lesion  is  analogous  to  that  which  is  operative 
in  "hvsteria/' 

The  points  of  special  interest  in  my  own  cases  are  as  follows : 

C^SB  I.  is  that  of  a  young  man,  aged  twenty-one  years,  who,  four  years 
before,  had  suffered  from  a  continued  fever,  considered  at  the  time  to  be 
typhoid,  which  confined  him  to  his  bed  for  thirteen  weeks.  In  an  early  stage 
of  this  illness,  and  while  the  diagnosis  was  still  doubtful,  his  father  went  into 
his  room  one  morning  and  found  him  unconscious.  Three  weeks  later,  while 
the  illness  was  at  its  height,  he  complained  one  day  of  numbness  of  the  hand, 
and  almost  immediately  afterward  became  entirely  paralyzed  on  the  left  side 
even  to  the  left  eyelid,  and  swallowed  with  difficulty.  He  suffered  during 
this  period  from  severe  pain  in  the  head,  and  was  thought  to  have  meningitis, 
but  in  the  course  of  three  or  four  weeks  he  could  use  the  arm  and  leg  pretty 
well,  and  before  long  all  signs  of  disease  seemed  to  have  entirely  vanished. 
It  was  six  months  later  before  indications  of  cerebral  disorder  reappeared, 
and  then  in  the  form  of  attacks  of  numbness  of.the  left  hand,  often  confined 
to  the  index  finger  and  thumb,  sometimes  associated  with  twitching,  or  with 
irregular  movements  of  the  fingers,  one  after  another,  sometimes  with  a  greater 
or  less  spreading  of  these  feelings  and  movements  to  the  arm  and  face.  Only 
six  times  in  all  had  he  lost  consciousness,  but  the  numbness  of  the  hand  was 
sometimes  preceded  by  a  sense  of  fulness  in  the  head.  The  leg  was  not  much 
involved,  but  on  recovery  of  consciousness  it  would  feel  heavy  and  helpless. 
Two  or  three  times  he  had  a  blurring  of  the  vision  instead  of  the  "  numb  " 
feelings,  before  the  severer  attacks,  and  occasionally  the  forefinger  of  the 
right  hand  would  grow  slightly  numb  instead  of  the  left. 

Operation  was  advised,  and  was  done  by  Dr.  J.  C.  Warren,  at  the  Massa- 
chusetts General  Hospital,  June  3, 1901.  A  large  opening  having  been  made 
over  the  *'  hand-center,"  Dr.  Warren  proceeded  to  reflect  the  dura.  This  was 
found  to  be  united  to  the  pia  by  a  number  of  firm  adhesions,  beside  which 
the  two  membranes  were  separated  by  a  dark,  soft,  velvety  layer  of  tissue 
suggesting  an  organized  clot,  which  covered  most  of  the  space  exposed  by 
the  trephine  opening  (about  two  and  a  half  inches  in  diameter)  and  extended 
beyond  it.    The  affected  area  was  in  fact  so  extensive  that  the  removal  of  the 
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whole  of  it  seemed  impossible,  and  it  was  more  for  the  sake  of  obtaining  a 
specimen  for  a  microscopic  examination  than  with  a  view  of  a  cortical  ex- 
cision for  therapeutic  purposes  that  a  small  bit,  about  1  cm.  in  diameter  and 
1  or  2  mm.  in  thickness,  was  snipped  out  with  scissors  from  the  altered  pia 
and  cortex.  This  was  done  almost  at  random,  since  faradization,  even  with 
Tery  strong  currents,  had  failed  to  excite  any  response.  Nevertheless,  imme- 
diately after  the  operation,  the  hand  was  found  to  be  wholly  paralyzed  and 
the  sensibility  almost  wholly  abolished.  The  sensory  defect  involved  the 
lower  part  of  the  forearm,  but  faded  rapidly  upward.  The  face  also  was  par- 
alyzed to  a  considerable  degree  and  the  leg  very  slightly.  Trifling  thickness 
of  speech,  and  aphasia  to  the  extent  of  forgetfulness  of  names,  were  present 
for  a  time.  It  is,  of  course,  possible  that  these  results  were  referable  not 
wholly  to  the  excision  but  also  to  the  slight  manipulations  of  the  exposed 
portion  of  the  brain,  as  well  as  to  edema  and  small  hemorrhages  as  noted 
by  Hitzig  in  his  experiments.  But,  in  either  case,  the  result  affords  one 
illastration  the  more  of  the  fact  that  in  any  given  area  many  movements  may 
be  more  or  less  represented,  and  that  from  a  given  impression  on  the  cortex 
certain  parts  will  be  far  more  affected  than  others ;  the  hand,  for  example, 
more  than  the  arm.  This  fact  is  well  known,  but  its  significance  is  not  always 
appreciated.  Many  interesting  features  of  this  case  must  be  passed  over,  but 
I  will  pause  to  refer  to  the  fact  that  in  some  instances  the  attacks,  even  where 
the  most  prominent  initial  symptom  was  in  the  hand,  were  ushered  in  by  a 
blurring  of  vision  and  sometimes  a  feeling  as  if  the  eyes  were  moving.  As 
r^ards  the  further  results  of  the  operation,  some  improvement  showed  itself 
before  the  end  of  a  week,  and  it  was  not  long  before  the  motion  of  the  hand 
was  r^ained  for  the  most  part,  though  there  was  for  several  years,  and  per- 
haps has  remained  permanently,  a  trifling  diminution  in  strength  and  dex- 
terity. The  attacks  continued  for  a  long  time  much  the  same  as  before  as 
regards  frequency,  but  became  less  severe  and  somewhat  different  in  charac- 
ter, the  fingers  on  the  ulnar  side  of  the  hand  sometimes  being  the  more 
affected,  instead  of  those  on  the  radial  side,  for  example,  beside  being  per- 
sistently somewhat  paresthetic.  The  forefinger  was  not  noticed  to  twitch 
except  once  or  twice  until  six  months  after  the  operation,  though  paresthetic 
attacks  were  frequent.  A  fter  a  time  his  condition  began  to  improve  in  every 
respect,  and  a  letter  received  nearly  six  years  subsequently  said  that  he  had 
given  up  the  use  of  all  medicine,  that  the  ill  turns  were  much  less  frequent, 
the  general  health  good,  and  that  on  the  whole  he  was  "  quite  another  man 
since  the  operation."  Nevertheless,  it  should  be  remembered  that  the  lesion 
remains,  so  that  the  improvement,  however  it  may  have  been  brought  about, 
is  to  be  laid  to  the  score  of  increased  cerebral  resistance  rather  than  to  re- 
moval of  irritation.  Another  letter  of  the  present  month,  written  just  ten 
years  since  the  operation,  states  that  the  improvement  has  maintained  itself, 
though  he  is  not  perfectly  well. 

The  special  interest  attaching  to  this  case  lies  in  the  fact  that^  on 
the  one  hand,  a  large  and  persistent  cortical  lesion  produced  highly 
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localized  and  specialized  seizures,  of  somewhat  varying  sorts;  and, 
on  the  other  hand,  that  a  trifling  injury,  of  indiscriminate  localization, 
consisting  in  exposure  of  the  cortex,  and  the  snipping  out  of  a  small 
piece,  not  more  than  2  mm.  in  thickness,  induced  an  extensive  group 
of  symptoms  corresponding  to  one  of  the  several  definite  types  such 
as  is  apt  to  reproduce  itself  from  brain  injuries  of  various  sorts,  not, 
it  is  true,  wholly  without  regard  to  the  seat  of  the  injury,  but  without 
close  correspondence  to  it. 

The  blurring  of  vision  observed  in  this  case  was  apparently  due, 
in  part  at  least,  to  a  temporary  strabismus.  It  is,  however,  of  inter- 
est to  note  that  the  visual  deficit  was  always  referred  to  one  side,  as 
so  often  in  migraine,  so  that  one  is  led  to  recall  Hitzig*s  discovery  of 
a  visual  area  in  the  frontal  lobe. 

Case  II.  is  that  of  a  young  girl,  aged  eleven  years,  who  ever  since  her 
fourth  year  had  suffered  from  fits,  ushered  in  by  numbness  of  the  right  hand 
and  arm,  sometimes  to  be  checked  by  rubbing  the  affected  parts.  At  the  time 
of  my  examination  the  motions  of  the  right  hand  were  somewhat  awkward, 
and  the  lack  of  development  was  evident,  so  that  the  case  was  assumed  to  be 
one  of  infantile  cerebral  disease.  During  the  attacks  consciousness  waa,  as  a 
rule,  not  wholly  lost,  but  the  face  and  leg  were  frequently  involved  to  a  slight 
degree.  Operation  was  advised,  and  was  done  by  Dr.  Warren,  at  the  Massa- 
chusetts General  Hospital,  on  February  25,  1890.  The  dura  was  found 
strongly  adherent  to  the  pia  over  an  area  the  size  of  a  quarter  of  a  dollar. 
After  separation  of  these  adhesions  faradic  stimulation,  even  with  the  strongest 
currents,  failed  to  excite  movements,  except  at  one  point,  where  we  were  able 
to  induce  twitchings  about  the  mouth  similar  to  those  noticed  during  the 
seizures.  Since  it  had  not  been  possible  to  localize  the  center  for  hand-move- 
ments nothing  further  was  done  at  this  operation.  The  patient  did  very  well 
for  a  time,  but  after  a  few  months  the  attacks  returned  as  badly  as  before,  or 
worse.  Another  operation  was  therefore  attempted,  but  the  dura  was  found 
still  more  adherent  to  the  underlying  parts,  and  electric  stimulation  again 
failed  to  excite  the  cortex.  It  is  noteworthy  that  although  the  surface  of  the 
brain  was  considerably  torn  in  the  dissection  of  the  dura,  no  paralytic  symp- 
toms followed  the  operation,  except  slight  difficulty  in  swallowing.  The 
attacks  were  again  relieved  for  a  time,  but  again  returned  later,  and  this  time 
with  mental  deterioration,  which  was  progressive  and  necessitated  the  removal 
of  the  patient  to  an  institution  for  the  feeble-minded. 

One  is  tempted  to  explain  the  non-occurrence  of  the  paralysis  by 
assuming  that  the  exposed  portion  of  the  brain  was  already  damaged, 
or,  rather,  that  its  coeflScient  of  dynamic  efficiency  waa  low,  in  cor- 
respondence with  the  impaired  use  of  the  hand.     It  may  well  be  that 
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this  was  the  case,  bat  it  would  perhaps  involve  a  straining  of  this  ex- 
planation to  make  it  apply  to  cases  such  as  those  reported  by  Starr 
and  McCosh,  where  the  resection  of  a  large  piece  of  the  cortex  for 
focal  epilepsy  did  not  excite  paralysis  at  all,  but  only  a  moderate  dis- 
turbance of  co-ordinate<l  motion.  It  is  to  be  borne  in  mind  in  this 
connection  that  similar  operations  upon  dogs  may  fail  to  excite  par- 
alysis, although  this  is  exceptional  (Tonnini).  The  case  reported  by 
Sachs  and  Gerster,  where  even  bilateral  excision  caused  only  a  trifling 
impairment  of  function,  is  interesting  in  this  connection. 

Case  III. — The  next  patient  was  a  man,  aged  thirty-three  years,  with  an 
early  history  of  special  interest,  partly  because  he  had  had  pulmonary  tuber- 
culosis in  a  mild  form ;  next  because  of  an  injury  which  may  well  have  been 
the  starting-point  of  his  later  illness.     When  a  boy  eight  or  ten  years  old, 
he  had  run  while  at  play,  headforemost  and  with  great  violence,  against 
the  projecting  end  of  a  beam,  which  came  in  contact  with  the  left  side 
of  bis  head  near  the  vertex.    He  was  knocked  senseless  by  the  blow,  but 
seemed  after  a  time  to  have  recovered  without  permanent  injury.    Within 
about  two  years  of  this  period  the  first  symptoms  of  his  present  illness  showed 
themselves  in  the  form  of  recurring  attacks  of  "  prickly  feelings ''  in  the 
thumb,  forefinger,  and  middle  finger  of  the  right  hand  and  the  adjoining 
portion  of  the  palm.    Sometimes,  also,  the  right  side  of  the  face,  in  the  parts 
adjacent  to  the  angle  of  the  mouth,  would  be  involved,  and  the  right  half  of 
the  tongue.     Occasionally  the  attacks  would  begin  with  paresthesia  on  the 
inner  surface  of  the  upper  arm,  about  midway  between  the  elbow  and  the 
shoulder,  and  would  spread  thence  both  up  and  down  the  arm  and  to  the 
adjacent  portion  of  the  chest  (area  of  distribution  of  nerve  of  Wrisberg  ?)  and 
the  attacks  beginning  in  this  way  were  the  ones  most  likely  to  terminate  with 
face  and  tongue  symptoms,  and  were,  therefore,  the  most  dreaded.     With 
slight  variations  in  type  the  attacks  recurred  at  short  intervals,  rarely  a  day 
passing  without  one  or  more  of  them.    Indeed,  their  frequency  had  gradually 
increased,  but  the  tongue  was  less  oflen  involved  than  formerly.    Occasion- 
ally, though  rarely,  these  paresthesias  were  attended  with  clonic  spasm,  or 
flexor  cramp,  of  the  fingers  and  even  the  arm,  of  moderate  severity.    The 
first  occurrence  of  this  sort  was  in  1896,  and  in  the  three  years  following  it 
was  repeated  five  times.    Twice  only,  both  of  the  times  being  on  the  same 
day,  he  had  a  loss  of  consciousness,  preceded  by  a  severe  jerking  of  the  arm 
and  by  a  painful  feeling  as  of  a  series  of  blows,  delivered  successively  at 
higher  and  higher  levels  from  the  neighborhood  of  the  hand  to  near  the 
shoulder.    It  felt,  he  said,  as  if  the  arm  were  being  chopped  olf  in  segments 
with  an  axe  or  by  machinery.   On  two  or  three  occasions,  also,  a  temporary  em- 
barrassment or  even  loss  of  speech  had  occurred,  generally  in  the  early  morn- 
ing.   The  attacks  in  the  hand  repeated  each  other  with  great  accuracy.    The 
first  sign  would  be  a  stinging  sensation  in  the  end  of  the  thumb ;  this  would 
Am  Phys  12 
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be  followed  by  a  similar  feeling  at  the  end  of  the  forefinger ;  and  then  by  a 
sensation  as  of  something  darting  down  the  length  of  the  forefinger,  then 
along  the  middle  finger  and  into  the  radial  portion  of  the  palm  of  the  hand. 
Finally,  the  face  near  the  mouth  would  be  involved. 

My  first  examination,  in  August,  1898,  revealed  a  very  slight  paresis  of  the 
right  side  of  the  face,  a  slight  but  definite  impairment  of  cutaneous  sensi- 
bility over  the  palmar  surface  of  the  thumb  and  forefinger,  as  tested  by  light 
contact  and  pricking,  and  a  slight  awkwardness  in  the  use  of  the  fingers,  as 
in  buttoning  the  clothes.  The  sensibility  of  the  right  side  of  the  face  was 
affected  similarly,  but  to  a  less  degree.  There  was  no  considerable  gross 
weakness  of  the  hand,  except  for  a  time  after  each  attack. 

Although  these  paresthetic  seizures  did  not  incapacitate  the  patient  for 
work,  yet  they  harassed  him  greatly,  and  he  readily  consented  to  the  idea  of 
an  operation,  which  was,  however,  not  performed  until  December  15,  1899, 
on  account  of  the  presence  earlier  of  slight  tubercular  signs  in  the  lungs. 
By  the  time  of  the  operation  these  signs  had  disappeared  and  no  bacilli  of 
tubercle  could  be  found. 

The  operation  was  performed  by  Dr.  J.  C.  Warren,  at  the  Massachusetts 
General  Hospital.  A  large  trephine  opening  was  first  made  over  the 
Rolandic  convolution,  but  nothing  abnormal  was  seen  until  the  dura  had 
been  reflected,  when  the  pia  toward  the  anterior  part  of  the  space  was  found 
to  be  opaque.  The  opening  being  enlarged  in  that  direction  a  tough 
adhesion  of  the  size  of  a  knitting-needle  was  discovered,  uniting  the  pia  and 
the  dura  together.  This  was  excised,  together  with  a  small  bit  of  the  cortex. 
Dr.  Warren  having  first  assured  himself  by  a  careful  exploration  with  the 
probe  that  the  surface  of  the  brain  for  some  distance  around  was  free  from 
similar  lesions.  It  may  be  stated  here  that  a  subsequent  microscopic  exami- 
nation of  the  excised  piece,  by  Dr.  W.  F.  Whitney,  confirmed  the  view  which 
the  appearance  of  the  parts  had  suggested,  that  the  changes  were  due  to 
inflammation,  not  to  new-growth. 

The  recovery  from  the  operation  was  satisfactory  in  all  respects,  the  skin- 
wound  healing  by  first  intention. 

An  intensification  of  the  numbness  in  the  fingers,  and  of  the  impairment 
of  tactile  sense,  and  the  extension  of  these  signs  to  the  ulnar  distribution, 
which  was  manifest  immediately  after  the  operation,  together  with  an  in- 
crease of  the  facial  paresis,  indicated  that  the  neighborhood  sought  had  been 
reached,  though  it  cannot  be  affirmed  that  the  whole  lesion  was  removed. 
The  opacity  and  edema  of  the  pia,  slight  as  it  was,  would  indeed  suggest  a 
wider  extension  of  the  cortical  irritation. 

On  the  second  day  following  the  operation  he  had  a  bad  attack  of  numb- 
ness, with  cramping  of  the  hand,  then  two  days  passed  without  attacks. 
During  the  following  two  weeks  the  numbness  recurred  more  frequently  than 
before  the  operation,  but  without  much  cramping,  and  with  a  tendency  to 
lessen.  The  facial  paresis  soon  became  less,  and  a  paresthesia  of  the  tongue 
and  gums  on  the  right  side,  associated  with  a  hesitation  in  speech,  which 
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were  all  considerable  just  after  the  operation,  had  almost  disappeared  by  the 
end  of  the  third  week. 

In  the  two  years  which  have  elapsed  since  the  operation  the  attacks 
of  numbness  have  recurred  about  as  before,  and  there  has  been  in 
addition  an  almost  continuous  paresthesia  of  moderate  degree^  not 
exclusively  limited  to  the  median  nerve  distribution.  The  left  foot 
has  also  become  the  seat  of  occasional  sensations  of  similar  sort — 
referred  especially  to  the  joints  of  the  toes^ — and  the  same  feeling  has 
been  present  in  the  right  side  of  the  neck. 

It  is  worthy  of  remark,  as  recalling  the  observations  of  some  of  the 
cerebral  physiologists  who  found  that  the  tendency  of  cortical  irrita- 
tion to  produce  epileptiform  spasm  could  be  intensified  by  gentle 
stroking  of  the  limb^  that  this  patient  has  at  times  noted  a  recurrence 
of  the  numb  seizures  when  the  ends  of  the  fingers  w^ere  rubbed  or 
knocked.  Yet,  strangely  enough,  it  was  not  possible  to  produce  this 
result  at  will,  the  admixture  of  conscious  volition  seeming  to  exert  a 
sort  of  inhibitory  effect.  Before  the  operation  it  was  only  the  end  of 
the  thumb  which  acted  in  this  way  as  an  epileptogenic  zone,  but 
since  then  the  same  peculiarity  has  been  shared  by  the  ends  of  some 
of  the  fingers. 

Cases  of  '*  Jacksonian  "  epilepsy  of  various  types  have  been  so 
often  reported  as  to  be  thoroughly  familiar,  and  the  fact  is  well  recog- 
nized that  one  has  no  right  to  infer  a  limitation  of  the  lesion  or 
disease-process  to  the  cortical  area  corresponding  to  the  "signal 
symptom.'*  Sharply  localized  epileptiform  outbreaks  occur  with 
tumors  of  considerable  size  and  even  in  "idiopathic  epilepsy,"  and 
this  occurrence  seems  to  indicate  no  more  than  that  a  certain  cell-area 
is  abnormally  unstable,  whether  on  account  of  disease  or  from  an  in- 
herent excitability  due  to  the  nature  of  its  functions,  as  in  the  case 
of  the  areas  corresponding  to  the  mobile  hand  and  speech-organs. 

In  correspondence  with  this  is  the  interesting  fact,  well  illustrated 
by  the  present  case,  that  the  irritation  due  to  a  given  lesson  may 
induce  multiple  or  alternative  results,  represented  here  by  the  occur- 
rence, now  of  the  thumb-numbness,  now  of  the  upper-arm-numbness, 
as  the  "  signal  symptom.'*  The  plausible  explanation  is  that  the 
corresponding  cortical  areas  are  particularly  irritable,  so  that  a  dis- 

^  In  Case  I.  the  band  of  the  aide  opposite  to  that  usually  affected  was  involTed  occasionally, 
6Ten  alone. 
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charge  may  easily  start  in  them  with  sufficient  force  to  act  as  a 
vortex  center. 

The  resemblance  of  this  case  to  Case  I.,  especially  as  regards  the 
paralysis  after  operation,  yet  with  a  lesion  of  far  less  extent  and 
severity,  is  also  obvious. 

Case  IV.  is  that  of  a  boy  whom  I  had  the  opportunity  of  watching  for  a 
long  time  before  the  operation,  which  was  done  by  Dr.  Keen,  of  Philadelphia, 
and  have  had  under  observation  ever  since.  He  had  had  from  early  child- 
hood frequent  attacks,  of  short  duration,  and  not  always  attended  with  entire 
loss  of  consciousness,  in  which  his  head  would  turn  to  the  right  and  make  a 
rapid  series  of  nodding  movements,  while  the  right  shoulder  would  rise  and 
fall  rapidly.  The  right  arm  was  also  more  or  less  involved.  Severe  or 
general  convulsion  did  not  occur.  There  was  no  reason  to  suspect  localized 
disease  of  the  cortex,  but  the  prominence  of  the  shoulder  movements  sug- 
gested the  hope  that  excision  of  the  corresponding  part  would  be  of  some 
avail.  Localization  was  carefully  done  on  the  skull,  and  afterward,  success- 
fully, by  faradization  of  the  cortex,  and  the  corresponding  portion  was  then 
excised  by  Dr.  Keen.  A  temporary  weakness  of  the  arm  followed,  but  the 
epileptic  attacks  went  on  much  as  before,  though  somewhat  changed  in  char- 
acter, and  all  that  can  be  said  (which  is  perhaps  a  good  deal)  for  the  effects 
of  the  operation  is  that  from  that  time  the  signs  of  the  disease  have  been 
somewhat  more  manageable  by  bromides  and  other  treatment. 

Case  V.  is  that  of  a  young  man,  aged  seventeen  years,  of  excellent  habits 
and  good  previous  health.  His  previous  history  shows  nothing  that  would 
explain  the  present  symptoms  unless  that  he  had  a  very  severe  whooping- 
cough  when  four  or  five  months  old,  and  that,  having  been  fond  of  athletic 
sports,  he  had  received  a  number  of  severe  blows  on  the  head,  though  not 
such  as  apparently  to  cause  permanent  injury.  For  the  past  two  years  he 
had  grown  very  rapidly.  During  the  past  year  he  had  become  gradually 
aware  of  prickling  sensations  in  the  left  hand  and  fingers,  recurring  from 
time  to  time  and  lasting  about  fifteen  seconds.  During  these  times  the  sensi- 
bility of  the  skin  would  become  heightened,  so  that  a  rough  object  would 
feel  still  more  rough,  etc.,  while  at  the  same  time  the  hand  would  lose  its 
strength.  There  had  been  no  impairment  of  consciousness  until  three  weeks 
before  examination,  when  he  had  had  two  convulsions  in  one  night.  Since 
then  the  numbness  of  the  hand  had  become  worse,  so  as  to  be  actually 
painful,  and  the  fingers  would  become  cramped  in  a  position  of  extreme  ex- 
tension, the  thumb  being  drawn  in  upon  the  palm  of  the  hand.  The  pain 
was  usually  confined  to  the  last  two  joints  of  the  index  and  middle  fingers 
and  the  end  of  the  thumb. 

Without  entering  into  further  details,  I  will  say  that  after  a  thorough 
bromide  treatment,  under  which  the  attacks  remained  absent  for  a  number  of 
months,  again  recurring,  however,  at  the  end  of  that  period,  it  was  decided 
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to  operate,  in  the  hope  that  some  cause  of  local  irritation  would  be  found  as 
in  some  of  the  other  cases. 

The  operation  was  done  by  Dr.  Warren  in  February  of  the  present  year,  a 
large  skin  and  bone  flap  being  turned  back  and  the  dura  incised  and 
reflected.  The  cortex  presented  an  absolutely  normal  appearance,  and 
nothing  more  was  done  than  to  palpate  for  underlying  tumor  or  cyst.  As  a 
result  of  this  manipulation,  or  of  the  simple  exposure,  a  well-marked  paresis 
of  the  hand  came  on,  with  impairment  of  sensibility  in  all  modes,  including 
the  sense  of  position  and  the  stereognostic  sense,  and  also  a  slight  drooping  of 
the  left  side  of  the  face.  These  conditions  were  exactly  like  those  which 
were  reported  as  following  operation  in  the  preceding  cases,  but  less  severe, 
and  not  more  lasting.  Only  five  months  have  elapsed  since  the  operation 
was  done,  and  I  report  the  case  only  for  the  sake  of  completeness  and  the 
interest  of  the  diagnosis.  In  fact,  however,  the  feelings  in  the  hand  have 
been  much  less  frequent,  thus  far,  and  no  severe  attacks  have  occurred.  He 
is  on  a  thorough  bromide  treatment,  which  it  is  planned  to  continue  for  a 
long  time.  The  only  way  in  which  it  would  have  been  possible  to  differ- 
entiate  this  case,  where  no  gross  lesion  was  present,  from  those  where  local- 
ized meningitis  was  found,  would  have  been  by  the  entire  absence,  before 
operation,  of  any  trace  of  permanent  impairment  of  the  functions  of  hand, 
which  in  the  other  cases  was  present,  though  to  a  very  trifling  extent. 

Case  VI. — I  wish  finally  to  report  the  final  history  of  a  very  interesting 
case  reported  by  Dr.  A.  T.  Cabot,'  in  conjunction  with  whom  I  had  the 
opportunity  of  studying  it.  The  pathologic  diagnosis,  which  could  not  be 
made  with  positiveness  before  the  operation,  was  a  large,  subcortical  cyst, 
believed  after  examination  to  be  of  traumatic  origin.  The  original  "signal 
symptom"  was  a  paresthesia  of  a  certain  area  on  the  right  thigh,  but  later 
the  very  interesting  sign  showed  itself  of  a  paresis  or  even  paralysis  of  the 
leg,  and  sometimes  the  arm  and  face,  coming  on  at  times  as  long  as  fifteen 
minutes  after  the  initial  symptoms  had  passed  away.  Loss  or  consciousness 
was  comparatively  rare. 

A  thorough  and  continuous  draining  of  the  cyst  seemed  to  lead  to  its 
filling  up  and  obliteration,  and  attacks  became  slight  and  rare,  so  that  the 
patient  felt  able  to  marry  and  to  engage  in  active  and  responsible  occupa- 
tions, which  he  managed  for  several  years.  News  has,  however,  recently 
reached  Dr.  Cabot  that  the  attacks  returned  some  six  months  ago,  and  still 
more  recently  that  he  had  suddenly  died. 

It  is  noteworthy  that  the  "signal  symptom  "  in  this  case  was,  as  a 
rule,  a  numbness  over  a  portion  of  the  thigh,  instead  of  over  the 
hand  or  foot,  as  is  the  rule,  though  the  lesion  was  of  such  large  size 
as  necessarily  to  involve  extensive  areas.  It  is  also  of  importance,  as 
illustrating    the  occurrence    of  psychic  phenomena  even    with  these 

1  Boston  Medical  and  Surgical  Journal,  1897,  vol.  1.  p.  233. 
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localized  lesions,  that  the  patient  would  sometimes  jump  up  and 
laugh  or  show  odd  behavior  for  a  moment  as  the  sensation  was  first 
felt.  Such  acts  recall  the  familiar  cases  where  a  dream  is  initiated 
by  some  slight  excitation,  such  as  a  knock  on  the  door,  yet  develops 
in  such  a  way  that  the  noise  seems  to  form  the  last  stage  of  the 
process  instead  of,  as  in  fact,  the  first.  It  may  be  readily  conceived 
that  the  psychic  portion  of  the  attack  might,  on  some  subsequent 
occasion,  initiate  the  process  in  its  turn. 

To  return  now  to  the  consideration  of  the  questions  specified  at  the 
beginning  of  the  paper,  it  may  be  stated,  as  a  fact  which  would  prob- 
ably be  generally  admitted,  that  operations  for  the  relief  of  focal 
epilepsy,  whether  these  aim  at  the  removal  of  local  sources  of  irrita- 
tion or  of  diseased  areas  involving  the  cortex,  or  of  the  removal  of  the 
apparently  normal  cortex,  are  often  unquestionably  of  great  benefit, 
although  they  have  not  accomplished  nearly  all  that  was  hoped  of 
them.  Not  to  speak  of  special  cases  and  groups  of  cases,  some  of  the 
best  of  which  have  been  contributed  by  American  physicians,  this 
statement  is  substantiated  by  several  recent  and  careful  compilations 
of  German  surgeons,  as  Braun,*  Graf,*'^  and  Matthiolus.^ 

When  it  comes  to  the  important  question  of  the  comparative  merit 
of  cortical  excision,  as  against  operations  of  less  magnitude,  such  as 
simple  exposure  of  the  cortex  or  loosening  of  dural  adhesions  and  the 
like,  which  sometimes  have  an  extraordinarily  favorable  effect,  the 
case  is  not  so  clear,  especially  when  it  is  remembered  that  the  excision 
is  likely  to  cause  lasting  inco-ordination  of  slight  degree,  and  that  the 
resulting  cicatrices  may  be  by  no  means  indifferent  for  the  health  of 
the  surrounding  parts*  of  the  brain. 

Still,  the  figures  cited  by  Matthiolus,  taken  for  what  they  are 
worth,  indicate  rather  better  results  from  operations  in  which  the 
brain  has  been  included  in  the  operation  than  where  only  lesions  of 
the  brain  coverings  have  been  treated. 

''Cures,"  i.  e.,  for  example,  a  cessation  of  fits  for  five  years,  have 
been  very  few  in  number,  and  although  such  a  case  as  that  of  Collins 

1  Dentvsch  Zeitschr.  f.  Chir.,  ISO'^.  «  Arch.  f.  Chlr.,  1898. 

*  Deutsch  Zeitschr.  f.  Chir.,  1S99.  Such  compilations  have,  to  be  Bure,  only  a  limited 
sttitistical  value,  since  the  grounds  for  a  valid  classification  and  comparison  of  the  different 
cases  are  very  Imperfect.    The  stu'iy  of  Individual  cimes  is  really  of  greater  value. 

*  See  McC'osh,  American  Journal  of  the  Medical  Sciences,  189S,  vol.  cxv.  p.  649,  and  other 
writers. 
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and  Gerster's  is  very  impressive  and  encouraging,  where  six  years 
have  elapsed  during  which,  after  cortical  excision  but  under  continual 
bromide  treatment,  no  fits  have  occurred,  it  is  to  be  remembered  that 
in  the  first  case  of  the  series  reported  by  McCosh  an  equally  good 
result  followed  simple  trephining,  separation  of  the  adherent  dura 
from  the  roughened  bone,  and  the  removal  of  bone-fragments, 
although  there  can  be  little  doubt  that  the  broken  adhesions  instantly 
reformed,  so  that  the  local  conditions  of  nutrition  probably  remained 
in  the  end  unimproved. 

The  conclusions  which  seem  to  be  most  reasonable  on  the  other 
points  are  the  following  : 

Epilepsy  of  the  "  Jackson ian  "  type  is  usually  set  up,  in  the  first 
instance,  by  gross  sources  of  irritation,  either  peripheral  or  central, 
but  for  the  most  part  external  to  the  brain  tissue  itself.  Yet  there  is 
probably  one  form  which  has  the  same  pathology,  with  so-called 
idiopathic  epilepsy  of  more  common  types.*  The  anatomic  changes 
found  under  these  circumstances  are  to  be  regarded  as  usually  either 
secondary  to  the  convulsions  or  else  as  indications  of  an  abnormally 
developed  brain.  Perhaps  uremic  and  other  toxic  convulsions  of 
focalized  type  should  be  classified  with  this  group,  inasmuch  as  the 
poison  is  distributed  through  the  brain  as  a  whole,  and  the  localized 
effect  is  not  to  be  sought  in  the  localized  cause. 

It  is  doubtless  true — as  Sachs^  and  Collins^  have  pointed  out — that 
in  some  cases  of  Jacksonian  epilepsy  degenerative  changes  may  be 
found  in  excised  pieces  of  the  cortex  which  were  not  recognizable  to 
the  naked  eye.  On  the  other  hand,  however,  the  evidence  that  these 
changes  are  of  a  kind  likely  to  excite  epileptic  seizures  seems  to  me 
insufficient,  and  it  is  especially  improbable  that  lesions  of  such  a 
character  would  be  limited  to  a  small  area  of  the  cortex  to  such  a 
degree  as  to  be  entirely  removable  by  operation. 

Not  only  is  the  existence  of  such  changes  in  the  form  of  circum- 
scribed focal  lesions  improbable,  but  if  they  existed  we  have  no 
clinical  criteria  by  which  to  delimit  them  before  death.  To  take,  for 
example,  the  most  common  type  of  Jacksonian  epilepsy,  that  which 

1  See  the  report  of  a  case  with  apparently  negative  findings,  by  McKendrlclc.    Brain, 
Autumn,  1899. 
>  American  Journal  of  the  Medical  Sciences,  189(i. 
3  Brain,  Summer  and  Autumn,  1896. 
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begins  with  sharply  defined  hand-symptoms,  there  are  large  numbers 
of  cases  to  show  that  the  lesion,  when  gross,  may  be  of  great  or  in- 
definite size,  and  may  vary  greatly  in  position  with  relation  to  the 
so-called  hand-area  of  the  cortex.  If  then  a  large  tumor  or  cyst  or  a 
patch  of  diffuse  meningitis  may  cause  sharply  localized  symptoms, 
why  should  not  the  same  be  true,  a  fortiori^  where  the  lesion  is  a 
diffuse  degeneration  of  ganglion  cells  ? 

Again,  it  is  by  no  means  certain  that,  in  the  fit  of  the  Jacksonian 
type,  the  morbid  cycle,  of  which  the  convulsion  is  the  most  obvious 
feature,  always  begins  with  a  "  discharge  "  at  the  point  corresponding 
to  the  signal  symptom.  If  we  bear  in  mind  the  analogous  case  of  a 
purposive  movement,  as  when,  for  example,  we  put  out  the  hand  to 
grasp  some  object,  or  clinch  the  fist  in  obedience  to  some  emotional 
impulse,  we  must  admit  that  these  movements  are  preceded  by  a  series 
of  cerebral  events  of  the  details  of  which  we  are  largely  unconscious. 
In  a  similar  way  a  Jacksonian  attack  may  represent  the  terminal 
stage  of  a  complex  cerebral  action  as  well  as  the  initial  stage,  and  the 
persistence  of  the  "  habit "  may  be  due  to  a  persistence  of  a  memory, 
more  or  less  independent  of  the  brain.*  This  reasoning  would  apply, 
of  course,  more  especially  to  the  Jacksonian  types  of  idiopathic  epi- 
lepsy, but  there  is  room  for  question  whether  it  does  noc  apply,  in 
some  measure  at  least,  to  the  cases  of  localized  lesion  as  well,  espe- 
cially where  a  good  many  attacks  have  already  occurred.  Thus  in 
Case  I.  of  this  series,  the  hand-fits,  although  they  were  sharply  local- 
ized, even  to  the  thumb  and  fourth  finger,  as  a  rule,  and  sensory  in 
character,  were  often  preceded  by  blurring  of  vision  of  strange  feel- 
ings in  the  head.  Everyone  has  been  inclined  to  admit  that  the 
lonuer  the  time  durino:  which  the  seizures  due  to  localized  irritation 
occur,  the  more  widely  the  brain,  as  a  whole,  becomes  involved,  and 
although  it  has  been  amply  proved  that  even  after  twenty  years  and 
more  a  suitable  surgical  operation  may,  in  favorable  cases,  arrest  the 
epileptic  tendency,  yet  it  is  also  pretty  certain  that  the  co-operative 
action  of  ever- widening  areas  of  the  brain,  or  even  of  the  brain  as  a 
whole,  may  show  itself  almost  from  the  very  outset,  and  this  especially 
in  children.  When  this  result  has  been  reached  the  case  of  the 
patient  with  traumatic  or  focal  epilepsy  probably  differs  but  little,  if 

^  Bergson.    MaliiTo  et  MOmoire. 
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at  all,  from  that  of  a  patient  with  idiopathic  epilepsy.  In  other 
words,  the  epileptic  tendency  in  his  case  has  become  one  of  the  regu- 
lar modes  of  activity  of  the  whole  brain,  and  the  destruction  of  a  single 
part,  the  hand-center,  for  example,  if  it  checks  the  seizures,  must  do 
so  through  some  influence  such  as  we  are  apt  to  classify  as  ^^  inhibi- 
tory/* If  the  gathering  tension  which  precedes  the  epileptic  outbreak 
had  been  in  the  habit  of  expressing  itself  through  some  motion  or  sen- 
sation of  the  hand,  the  tendency  to  this  same  mode  of  expression  is 
likely  to  remain  even  after  mutilation  of  the  cortex,  though  suscep- 
tible of  being  checked  at  its  source  by  inhibition  or  otherwise.  If  the 
fits  go  on,  however,  the  motion  or  sensation  which  occurs  after  the 
destruction  of  a  given  center  is  likely  to  be  more  coarse  in  character 
and  less  sharply  limited  in  extent  than  it  was  before  that  part  of  the 
delicate  mechanism  of  the  cortex  had  suffered  damage.^ 

In  advocating  the  importance  of  the  *' inhibitory  "  and  forraation- 
of-new-httbit  theory  of  surgical  operations  in  Jacksonian  epilepsy,  as 
against  that  which  refers  the  benefits  obtained  to  the  removal  of  dis- 
ease-foci, I  do  so  not  as  maintaining  that  the  former  explanation  is 
perfectly  satisfactory  or  intelligible,  but  only  that  at  the  present 
moment  it  is  the  best  one  available.  It  has  also  the  advantage  that 
its  provisional  adoption  encourages  us  to  study  and  classify  the  cases 
of  benefit  from  operations  of  other  sorts,  instead  of  passing  them  by 
with  a  shrug,  and  may  thus  lead  to  more  profitable  modes  of  treat- 
ment of  analogous  sorts. 

As  a  step  in  this  direction,  the  fact  deserves  mention  that  Eulen- 
burg*  in  his  interesting  discussion  of  some  of  these  points  in  1895,  in 
connection  with  the  report  of  a  case  where  the  epileptic  attacks  held 
off  for  three  years  after  a  cortical  excision,  and  then  returned,  has  a 
good  word  to  say  for  the  striking  observations  of  Wetterstrand  on  the 
treatment  of  epilepsy  through  hypnotic  suggestion.  This  mode  of 
treatment  is  theoretically  justifiable,  since  it  is  as  reasonable  to  believe 
that  epilepsy  may  be  influenced  as  favorably  by  one  sort  of  mental 
attitude  as  that  it  may  be  influenced  unfavorably  by  another,  and  the 
latter  has  always  been  accepted  as  a  true  sequence. 

The  natural  history  of  all  the  neuroses  and  psychoses   is  indeed 

^  Chlpault.    Traveaux  de  Neurologie  Chlrurglcale,  April-July,  1900;  abstract  in  the  Journal 
of  Neryous  and  Mental  Disease,  April,  1900. 
'  Ealenburg.    Berlin,  kiln.  Wochenschr,  1895. 
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marked  by  a  tendency  to  the  occurrence,  under  favorable  conditions, 
of  periods  of  cessation  of  symptoms.  Tic  douloureux  and  migraine 
are  cases  in  point,  but  there  are  many  others.  There  is  such  a  thing 
as  temporary  "set''  or  "cyclic"  action  in  the  nervous  functions 
analogous  to  the  vortex- tendency,  which  sets  up  the  ever-forming  and 
dissolving  eddies  on  a  swift  stream.  These  temporary  inertia — or 
habit — vortices  may  work  for  good  or  evil,  and  it  is  on  the  possibility 
that  the  formation  of  one  tending  to  good  may  be  encouraged  that  a 
large  part  of  the  hopefulness  of  therapeutic  endeavor  is  based. 

It  is  possible,  of  course,  that  the  manifold  operations  which  have 
been  done  for  epilepsy,  and  have  been  attended  with  a  considerable 
measure  of  success,  sometimes  do  good  in  one  way,  sometimes  in  an- 
other. But  the  mind  instinctively  and  justly  seeks  to  cling  to  a  single 
explanation  as  long  as  possible,  and  it  would  be  fair  to  urge  that  if 
the  excision  of  the  apparently  healthy  (even  though  really  slightly 
diseased)  cortex  effected  its  results  on  a  wholly  different  and  more 
rational  principle  from  other  operations,  these  results  would  be  dis- 
tinctly better,  which,  in  fact,  they  do  not  seem  to  be. 

It  is  common  to  see  the  inference  drawn  that  because  the  cessation 
of  certain  clinical  symptoms  follows  a  given  therapeutic  measure, 
therefore  the  cause  of  the  symptoms  has  been  discovered.  This  is  the 
diagnostic  argument  ex  juvantibus^  and  it  reappears  in  a  thousand 
forms.  In  fact,  this  reasoning  is  misleading  and  fallacious.  The 
morbid  cycle  of  disease,  especially  if  this  takes  the  form  of  a  neurosis, 
whether  epilepsy,  asthma,  Graves*  disease,  or  any  other,  may  often  be 
broken  in  upon  and  dispelled  by  influences  and  impressions  which  had 
nothing  to  do  with  its  formation,  and  this  is  another  justification  for 
the  doubt  whether  a  cessation  of  fits  following  an  operation  for  exci- 
sion of  a  supposed  disease-focus  in  the  cortex  proves,  or  even  strongly 
indicates,  that  we  thereby  remove  the  original  cause  of  the  disease.  I 
would  remark,  in  passing,  that  the  presence  of  the  localized  menin- 
gitis discovered  in  three  of  the  above  cases,  as  in  several  others  which 
are  on  record,  not  to  speak  of  that  which  had  developed  (possibly  as 
the  result  of  meningeal  hemorrhage)  during  the  typhoid  fever,  in  Case 
I.,  seems  to  me  of  distinct  clinical  interest.  It  is  not  commonly 
accepted  that  this  lesion  is  apt  to  follow  such  injuries  to  the  head  as 
these  patients  describe,  or  to  occur  from  such  illnesses  as  those  from 
which  they  had  suflfered. 
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Reasoning  from  the  considerations  above  stated,  I  believe  that  the 
arrest  of  epilepsy  through  surgical  operation  is  an  affair  primarily  of 
inhibition,  and  next  of  the  establishment  of  a  new  habit,  made  possible 
by  this  temporary  arrest  of  the  morbid  outbreaks.  I  do  not  believe 
that  it  is  necessary  to  look  for  a  focal  lesion  to  account  for  focal  symp- 
toms any  more  than  it  is  necessary  to  look  for  a  focal  lesion  to 
account  for  the  numbness  of  the  hand  or  the  hemianopsia  which  usher 
in  an  attack  of  migraine. 

If  this  reasoning  is  correct,  the  therapeutic  problem  is  how  best  to 
secure  this  inhibitory  action.    Cortical  incision  may  be  the  most  effec- 
tive means  to  this  end ;  but  it  sometimes  leaves  the  patient  with  an 
embarrassing  and  persistent  awkwardness  of  movement,  and  should 
therefore  not  be  undertaken  if  other  means  will  serve  which  are  not 
open  to  the  same  objection.     Clinical  observation  and  laboratory  ex- 
periment seem  to  indicate  that  even  a  simple  exposure  of  the  cortex 
may  damage  its  nutrition  enough  to  cause  temporary  paralysis  of  sen- 
sation and  motion  in  many  cases,  yet  without  inducing  permanent 
impairment  of  function  of  serious  amount,  and  anyone  who  will  take 
pains  to  look  over  a  large  number  of  important  cases  will  see  that  not 
only  the  moderate  degree  of  success  observed  by  Dr.  Warren  and 
myself,  bat  occasionally  a  much  greater  degree  is  obtainable  in  this 
way.     The  cause  of  the  temporary  disturbance  of  motion  and  sensa- 
tion which  follows  simple  exposure  of  the  cortex  is  attributed  by 
Hitzig  to  the  occurrence  of  punctate  hemorrhages  deep  in  the  cortex, 
and  to  edema  and  anemia  of  the  brain,  partly  resulting  from  its  being 
pressed  into  the  trephine  opening  by  the  uncompensated  action  of  the 
cerebral  circulation,  the  counter-pressure  of  the  cerebral  spinal  fluid 
in  the  subdural  space  having  been  removed.     This  counter-pressure 
may,  he  thinks,  be  re-established  if  the  excised  bone  is  replaced  in  its 
old  position,  as  by  the  Wagner  bone-flap  method  of  opening  the  skull 
for  operations  of  this  sort,  which  is  now  so  common.     Even  with  this 
precaution,  however,  it  is  probably  a  long  time  before  the  circulation 
and  nutritive  conditions  in  the  exposed  cortex  become  normal,  if, 
indeed,  this  ever  happens. 

An  advantage  of  this  operation  of  simple  exposure  of  the  cortex  is 
that  it  can  be  repeated  if  necessary,  and  that  it  does  not  shut  out  the 
possibility  of  doing  excision  of  the  cortex  later.  But  whatever  oper- 
ation is  done  it  should,  in  my  opinion,  be  considered  that  the  arrest 
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of  the  symptoms  is  mainly  useful  as  affording  a  better  opportunity 
for  bromide  medication,  and  this  opportunity  should  be  taken  advan- 
tage of  energetically.  It  is  not  necessary  to  consider  here  the  details 
of  the  bromide  treatment,  but,  in  fact,  I  believe  that  the  best  method 
is  that  originally  proposed  by  Charcot  and  recommended  by  Tourette 
in  a  recent  paper,  according  to  which  the  dose  is  increased  for  three 
weeks,  then  dropped  to  the  starting-point,  and  then  increased  again, 
and  so  on.  The  bromide  treatment  should  also  be  reinforced  by  every 
hygienic  influence  that  can  be  devised. 

As  regards  the  question  of  the  physiology  of  the  cerebral  cortex, 
the  tendency  of  the  more  recent  researches  ha^s  been,  on  the  whole, 
confirmatory  of  the  generalizations  of  Goltz,  and  we  must  now  cease 
to  regard  the  cortex  of  the  brain  as  a  mosaic  of  specialized  centers, 
and  consider  it  rather  as  a  network,  standing  as  the  expression  of 
closely  interdependent  functions.  Furthermore,  real  light  has  now 
been  shed  upon  the  vexed  question  of  the  relationship  between 
consciousness  and  the  brain,  and  upon  the  part  which  each  plays  in 
producing  the  phenomena  of  life  and  disease.  In  confirmation  of 
these  statements,  I  will  refer  to  the  investigations  and  interpretations 
of  J.  Richard  Ewald,^  of  Loeb,^  of  Hitzig,^  and  of  the  psychologist, 
Bergson.*  Ewald  managed  to  arrange  the  conditions  of  his  experi- 
ment in  such  a  way  that  the  surface  of  the  brain  of  dogs  could  be 
excited  here  and  there  long  after  the  shock  of  the  first  trephining 
operation  had  passed  away,  and  while  the  animals  were  running  about 
in  perfect  health  and  indifference.  Under  these  circumstances  he 
found  it  possible  to  excite  localized  movements  of  various  sorts  by 
electric  stimulation  at  points  quite  removed  from  any  corresponding 
"  center,"  and  he  points  out  that,  in  fact,  arrangements  must  exist  for 
uniting  closely  the  functions  of  such  a  part  as  the  hand  with  those  of 
the  eye  and  ear,  as  well  as  the  touch.  He  shows  that  the  strong  ten- 
dency toward  recovery  from  the  effects  of  local  destruction  of  the 
cortex  ordinarily  implies  the  preservation  of  the  semicircular  canals 
in  the  labyrinth,  and  that  where  these  have  been  removed  the  recovery 
is  incomplete  or  does  not  occur.  These  facts  are  best  explained,  he 
believes,  under  the  view  that  the  semicircular  canals  have  the  function 

1  Verb,  des  roiig.  f.  Inu.  Med..  1S97,  vol.  xv.  p.  245. 

2  Physiology  of  the  Brain,  Chicago,  19n0. 

3  Arch.  f.  Psych.,  etc..  IDOO.  *  Matl^re  et  M^molre. 
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of  maintaining  a  general  muscular  tonus^  and  that  this  provides  a  sort 
of  compensation  for  the  loss  of  the  tactile  (or  mainly  tactile)  functions 
of  the  Rolandic  convolutions^  like  that  obtained  through  the  action  of 
vision  in  tabes. 

The  cortex  of  the  brain  is  a  great  network,  an  immense  telephone 
switch-board,  by  means  of  which  the  individual  seeks,  as  best  he  can, 
to  place  himself  in  active  relations  with  his  environment.     The  sense 
of  his  desires  and  needs  in  the  way  of  recognition  and  expression  is  a 
possession  of  his  whole  being,  and  a  possession  which  he  will  struggle 
hard  to  maintain,  and  which  cannot  be  excised  through  mutilation  of 
any  small  portion  of  the  cortex.     If  you  damage  his  switch-board  at 
one  point  you  may  make  it  more  difficult  for  him  to  accomplish  cer- 
tain results,  but  unless  the  damage  be  too  great,  accomplish  it  he  will, 
if  only  in  a  roundabout  fashion,  by  a  process  of  readjustment  which 
will  begin  to  assert  itself  as  surely  and  as  promptly  as  that  which 
makes  the  epidermis  begin  to  grow  again  upon  the  abraded  skin.     It 
is  reasonable  to  suppose  that  the  hand-center  is  also  a  center,  in  a 
feebler  degree,  for  the  arm,  the  face,  the  shoulder,  and  the  leg,  and  it 
is  fair  to  suspect,  although  the  fact  has  not,  I  believe,  been  proved, 
that  if  a  sufficiently  delicate  test  were  employed,  it  would  be  found 
that  even  feeble  electric  excitations  of  this  area,  like  movements  of 
the  hand  itself  in  health,  would  be  attended  by  feeble  contractions  of 
the  muscles  which  fix  the  root  of  the  limb.     And,  conversely,  after 
excision  of  the  apparent  hand-center,  the  readjustment  which  asserts 
itself  forces  the  mechanism  which  had  previously  been  correlated  prin- 
cipally for  coarser  movements  of  the  arm  to  substitute  itself  for  that 
which  had  been  destroyed.     It  is  certainly  true,  to  use  the  term  era- 
ployed  by  Loeb,  that  the  problem  of  the  cerebral  activity  is  one  that 
is  rather  dynamic  than  anatomic.    It  is  like  the  case  of  a  quantity 
of  water  which  has  stood  in  a  complicated  system  of  tubes,  gradually 
finding  a  new  level  when  one  of  the  tubes  is  taken  away.     The  dy- 
namic excitability,  if  the  expression  is  permissible,  of  the  parts  next 
related  to  that  which  had  been  previously  in  use,  needs  only  to  be 
raised  to  the  necessary  point,  for  the  old  processes  and  functions  to  go 
on  as  before,  at  least  after  a  fashion.     The  case  is  more  or  less  like 
that  of  aphasia.     It  is  true,  namely,  as  Hughlings  Jackson  long  ago 
pointed  out,  that,  underlying  the  bizarre  variations  of  the  speech  dis- 
turbance in  different  forms  of  aphasia,  there  is  always  a  tendency 
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toward  a  readjustment  of  the  language  function,  of  such  a  kind  that 
this  function  is  found  at  the  end  not  to  have  been  mutilated  in  parts 
so  much  as  weakened  as  a  w^hole.  In  the  struggle  for  the  re-estab- 
lishment of  a  new  equilibrium  the  verb^  which  expresses  action  and 
has  a  wider  hold  on  the  individual's  life  of  relation  to  his  environment, 
will  always  be  recovered  first.  The  proper  names,  which  stand  alone, 
will  be  recovered  last. 

In  other  words,  if  the  individual  can  no  longer  present  just  the 
same  front  to  the  world  as  before,  he  will,  nevertheless,  present,  so 
far  as  possible,  the  same  sort  of  front. 

It  is  interesting  and  important  to  note  that  this  principle  which 
underlies  the  readjustment  of  the  cerebral  functions,  after  injury  or 
disease,  on  a  plan  modelled  on  the  conditions  of  health,  is  essentially 
the  same  with  that  which  underlies  the  readjustments  in  the  case  of 
the  hysteric  patient,  only  here  the  process  is  seen  in  an  exaggerated, 
often  grotesque  form.  Take,  for  example,  the  case  of  the  anesthesias 
of  cerebral  origin.  The  modern  French  view  has  recently  been  ex- 
pressed with  admirable  clearness  by  Verger*  that  in  all  cases  where 
complete  hemianesthesia  is  present  this  is  to  be  regarded  as  a  sign  of 
hysteria,  though  perhaps  grafted  on  to  the  symptoms  of  an  organic 
lesion  of  the  brain.  On  the  other  hand,  the  anesthesia  to  which  a 
structural  lesion  of  the  brain  gives  rise  in  its  own  right — i.  «.,  when 
uncomplicated  by  hysteria — does  not,  he  thinks,  occupy  one  whole  half 
of  the  body,  but  only  the  extremities,  where  it  gradually  increases  in 
intensity  toward  the  distal  end.  1  desire  now  to  point  out  that,  although 
these  peculiarities  of  distribution  are  doubtless  of  clinical  importance, 
yet  the  two  conditions,  which  we  call,  respectively,  hysteric  and 
organic,  resemble  each  other  in  the  respect  that  neither  of  the  forms 
of  readjustment  of  the  sensory  functions  seen  in  them  proceeds  on 
anatomic  lines,  but  both  are  examples  of  the  re-establishment  of  an 
equilibrium  for  functional  ends,  for  the  benefit  of  the  individual  as  a 
whole.     It  is,  again,  an  affair  of  dynamics,  and  not  of  anatomy  alone. 

Just  as  in  aphasia  a  patient  is  apt  to  lose  his  isolated  names  first 
and  to  retain  his  verbs  the  longest,  so  when  his  sensorimotor  cortex 
is  injured  he  retains  the  more  fundamental  use  of  his  limb  and  loses 
the  luxury  functions  of  the  hand  and  sometimes  the  sensory  functions 

1  Arch.  Gen.  de  Mt^d.,  November  and  December,  1900. 
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which  are  associated  with  the  motor  functions  of  this  type.  I  main- 
tain that  this  is  precisely  the  ground  on  which  the  hysteric  patient 
is  supposed  to  lose  and  to  retain,  as  the  case  may  be,  the  sensory 
functions  of  his  skin  and  special  senses.  There  is  a  difference  be- 
tween the  two  sets  of  cases,  but  the  underlying  principle  of  readjust- 
ment is  the  same. 

It  is  a  merit  of  this  mode  of  regarding  the  brain  functions  in  dis- 
ease that  it  brings  out  the  dynamic,  self-adjustable,  so-to-speak 
*'  fluid  "  properties  of  that  organ,  and  contradicts  the  tendency  to 
represent  it  as  an  inflexible  mechanism.  It  contradicts  also  the 
erroneous  theory  of  the  "storage  of  memories  in  the  cortex,'**  subject 
to  being  destroyed  piecemeal  by  disease.  It  is  just  because  memories 
exist,  in  a  certain  sense,  independently  of  brain  action,  that  they 
cannot  thus  be  destroyed,  and  that  the  marvellous  readjustment  of 
the  functions  of  the  damaged  brain  on  the  old  lines  of  health  is  able 
to  occur. 

It  is  also  of  interest  to  note  that  Hitzig  believes,  on  the  basis  of  a 
long  series  of  experiments,  that  he  has  demonstrated  the  existence  of 
a  visual  center  in  the  frontal  lobe,  of  analogous  significance  to  that 
in  the  angular  gyrus.  Thus  provision  is  made  for  movements  of  the 
eye  and  for  vision  in  two  widely  difierent  portions  of  the  brain. 
Neither  of  these  centers  seem  to  be,  according  to  Hitzig,  primary 
centers  of  vision ;  both  stand  in  a  similar  relation  to  some  more  fun- 
damental visual  area. 


DISCUSSION. 

Db.  Jacobi  :  If  there  is  any  form  of  epilepsy  that  in  my  opinion  is  not 
susceptible  to  suggestive  influences  it  is  the  Jacksonian  typ^.  There  we  ex- 
pect to  find  a  local  cause,  and  it  should  be  less  susceptible  to  such  influences 
whether  we  find  an  anatomic  cause  or  not.  It  did  not  appear  to  me  that  Dr. 
Putnam  was  very  partial  to  operations  compared  with  what  I  have  heard 
other  neurologists  say  about  them.  Still,  it  has  also  occurred  to  me  that  of 
late  years  operations  for  Jacksonian  epilepsy  are  made  in  smaller  numbers ; 
what  impresses  me  most  is  that  so  frequently  nothing  is  found  at  the  opera- 
tion. In  the  last  few  years  I  have  had  two  autopsies  made  carefully  where 
the  symptoms  had  been  those  of  Jacksonian  epilepsy,  but  absolutely  no  local 
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lesion  was  found.    It  seemB  to  me  that  operations  do  not  appear  to  be  ao 
promising  in  these  cases  as  they  were  believed  to  be  in  former  years. 

Dr.  Sachs  :  I  think  it  is  evident  that  those  interested  in  the  subject  have 
become  a  little  more  conservative  in  regard  to  advising  these  operations,  bat 
they  can  hardly  be  censured  for  that,  since  it  is  due  to  a  closer  study  of  the 
subject.  We  can  all  fully  indorse  the  position  taken  by  Dr.  Putnam,  that 
Jacksonian  epilepsies  are  the  only  ones  that  should  be  operated  on,  and  in 
those  operable  cases  I  would  like  to  urge  that  if  the  operation  is  to  be  done 
it  should  be  done  at  the  earliest  possible  moment.  The  vast  majority  of 
Jacksonian  cases  I  believe  are  due  to  focal  lesions  that  may  be  macroscopic 
or  microscopic,  and,  in  answer  to  Dr.  Jacobi,  I  would  say  that  even  if  there 
should  appear  to  be  no  gross  lesion  you  cannot  determine  that  no  lesion  exists 
until  a  very  careful  microscopic  examination  has  been  made. 

I  would  also  like  to  mention  the  fact  that  one  of  the  very  earliest  cases  I 
operated  upon  was  one  in  which  the  lesion  was  revealed  by  such  microscopic 
examination,  and  I  am  also  able  to  report  that  the  first  recurrent  epileptic 
attack  was  more  than  eight  years  after  the  operation.  I  think  that  operation 
was  more  than  warranted,  for  the  patient  was  at  the  time  in  the  way  of 
becoming  a  confirmed  epileptic,  whereas  he  has  now  been  able  to  maintain 
himself  by  his  own  efforts  for  more  than  eight  years. 

Dr.  Putnam  :  I  should  not  like  to  put  myself  on  record  as  not  favoring 
operations,  for  even  in  the  cases  such  as  Dr.  Jacobi  has  spoken  of,  I  think 
an  operation  might  have  done  what  I  suggested  in  my  paper,  viz.,  have  pro- 
duced an  inhibitory  effect  upon  the  attacks.  I  agree  with  all  that  Dr.  Sachs 
said  except  as  to  the  finding  of  a  focal  lesion  in  the  region  corresponding  to 
the  attacks.  I  do  not  believe  that  these  diffuse  lesions  are  to  be  classed  as 
focal. 


THE  TOXIC  ORIGIN  OF  NEURASTHENIA  AND 

MELANCHOLIA. 

By  M.   ALLEN  STARR,    M.D., 

OF  NEW  YOBK. 


While  the  interest  of  the  physician  is  commonly  excited  by  rare 
and  unusual  cases  rather  than  by  the  common  run  of  disease,  it  is 
after  all  the  ordinary  light  type  of  case  which  comes  most  frequently 
under  his  attention  and  demands  his  effort.  There  is  no  need  to 
affirm  the  frequency  of  mild  cases  of  neurasthenia  and  of  melancholia, 
inasmuch  as  every  practitioner  sees  such  cases  constantly.  The  com- 
plaints of  a  neurasthenic  are  so  numerous  and  the  general  frame  of 
mind  of  these  patients  is  so  depressing,  that  the  disease  fails  to  elicit 
very  much  interest  on  the  part  of  the  practitioner,  or  of  the  neurologist 
to  whom  in  despair  he  often  refers  these  cases.  Yet  it  is  my  experi- 
ence that  a  little  care  in  their  examination  often  enables  one  to  classify 
them  into  a  variety  of  different  types,  not  only  cerebral,  spinal,  and 
vasomotor  types,  but  also  into  different  classes  according  to  the  origin 
of  the  disease.  Thus  one  can  recogoize  clearly  cases  that  are  due  to 
anxiety  and  worry ;  cases  that  are  due  to  overexertion,  mental  and 
physical ;  cases  that  are  due  to  beginning  degeneration  of  the 
neurons,  destined  to* go  on  to  organic  disease;  and  lastly,  cases  that 
are  distinctly  toxic  in  their  origin.  It  is  to  the  latter  class  that  I 
wish  to  direct  attention  at  the  present  time. 

I  do  not  wish  to  delay  you  by  any  long  study  of  the  symptom- 
atology of  this  variety  of  neurasthenia.  It  usually  occurs  either  in 
poorly  nourished  women,  or  in  men  about  the  age  of  forty-five  who 
have  lived  rather  freely^  have  taken  little  care  of  their  diet,  and  have 
indulged  in  the  use  of  alcohol  and  tobacco,  and  who  have  neglected 
exercise. 

The  chief  symptoms  in  this  form  of  neurasthenia  are  headache,  dull 
pressure  in  the  bead  and  back  of  the  neck,  sensations  of  fulness  in  the 
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head,  with  inability  to  concentrate  the  attention,  irritability  of  temper, 
manifest  irregularities  of  the  circulation  shown  by  cold  extremities, 
and  by  frequent  flushings  and  burnings  in  different  parts  of  the  body, 
and  general  disorders  of  the  digestion,  either  of  the  nature  of  acid 
dyspepsia,  or  of  considerable  evolution  of  gas  in  the  stomach  and 
intestines,  with  irregular  and  very  offensive  stools.  In  these  cases 
the  urine  is  irregular  in  quantity,  at  times  scanty,  of  high  color  and 
of  high  specific  gravity;  at  other  times  profuse,  light,  and  of  low 
specific  gravity,  and  at  all  times  it  contains  large  quantities  of  indican 
or  indoxyl.  In  this  condition  a  mild  state  of  melancholia  is  very 
frequently  associated  with  the  neurasthenia,  and  in  almost  all  cases 
of  mild  beginning  melancholia  the  same  symptoms  are  present. 

The  chief  characteristic  of  this  type  is  the  alternation  of  feelings 
and  symptoms  at  different  times  of  the  day.  One  can  draw  a  curve 
representing  the  intensity  of  symptoms  in  these  patients  with  remark- 
able accuracy,  a  depression  in  the  curve  representing  the  depression 
of  spirits  and  intensity  of  suffering.  From  noon  such  a  curve  rises 
gradually  toward  the  normal  level.  At  9  P.M.  it  begins  to  descend  ; 
during  the  night  it  falls  to  its  lowest  level,  so  that  at  4  a.m.,  when 
these  patients  commonly  awake,  they  are  in  the  deepest  distress  of 
mind  and  are  suffering  the  greatest  discomfort  of  body.  For  a  period 
of  three  or  four  hours  the  curve  is  then  at  its  lowest  point,  but  by 
breakfast  time  it  begins  to  rise  and  continues  to  rise  slowly  until  the 
normal  level  is  almost  reached  at  noon.  This  cycle  of  misery  and 
well-being  is  so  constant  and  so  uniform  that  patients  themselves 
readily  recognize  it.  It  is  perfectly  evident  that  a  variable  condition 
of  this  character  must  be  produced  by  a  varying  intensity  of  cause, 
and  the  fact  that  the  maximum  of  distress  occurs  in  these  patients 
after  the  sleep  of  the  night  is  an  indication  that  it  is  not  the  wear 
and  tear  of  exhaustion  which  produces  their  chief  symptoms.  It 
must  be  some  toxic  agent  which  accumulates  in  the  blood  during  the 
period  of  sleep,  which  reaches  the  point  of  irritation  early  in  the 
morning,  which  is  counteracted  by  the  activity  of  the  day,  and  hence 
is  less  intense  in  its  action  toward  afternoon.  That  this  toxic  agent 
is  manufactured  either  in  the  intestines  or  in  the  stomach  seems  to  be 
the  most  natural  theory,  inasmuch  as  activity  in  the  digestive  process 
appears  to  aid  in  the  elimination  of  the  poison.  Exactly  what  this 
toxic  agent  is  I  do  not  know.     As  already  stated,  I  find  that  indican 


NEURASTHENIA    AND    MELANCHOLIA.  195 

or  indoxyl  is  the  one  particular  thing  found  in  the  urine  in  varying 
quantities,  according  to  the  general  condition  of  these  patients^  and 
jet  I  do  not  suppose  that  indican  is  the  active  poison.  It  would  he 
as  foolish  to  affirm  this  as  it  would  be  to  judge  of  the  results  of  heat 
and  power  produced  in  a  steam  furnace  by  analyzing  the  character  of 
the  slag  in  the  ash  pan.  Very  much  more  exhaustive  studies  in  the 
chemistry  of  digestion  are  necessary  before  we  begin  to  approach  any 
true  knowledge  of  the  active  agents  producing  these  effects. 

Sut  it  is  not  necessary  for  us  always  to  wait  in  medicine  for  scien- 
tific facts  before  attempting  treatment.  Some  of  the  most  valuable 
remedies  that  we  have  at  our  disposal  are  purely  empirical  in  their 
origin.  When  a  patient  presents  these  evidences  of  toxemia  he  can 
be  materially  helped  by  a  certain  regimen  and  treatment,  no  one 
particular  element  of  which  is  necessarily  curative,  but  all  of  which 
combine  to  give  relief. 

First,  Diet :  This  cannot  be  laid  down  in  a  uniform  manner  for  all 
patients.  The  majority  of  them,  I  believe,  do  not  digest  milk  well, 
and  eggs  as  a  rule  do  not  agree  with  them,  though  occasionally  raw 
eggs  will  be  digested  when  cooked  eggs  will  not.  Meat  of  all  kinds 
seems  to  me  to  agree  very  well  with  this  type  of  patient,  but  meat 
soups  are  not  well  digested,  and  therefore  cream  soups  are  preferable. 
Fish  in  all  forms  and  oysters  usually  agree  with  such  patients,  and 
also  certain  types  of  vegetables;  but  potatoes,  turnips,  beets,  and 
tomatoes  are  liable  to  give  more  trouble  than  other  vegetables.  Rice, 
macaroni,  and  hominy  are  usually  well  borne,  but  should  not  be 
cooked  with  cheese,  and  cheese  as  a  rule  is  not  well  digested.  Patients 
differ  entirely  from  each  other  in  their  capability  to  assimilate  breads 
and  sweets,  and  it  will  not  do  to  lay  down  any  rule  for  the  use  of 
these  articles ;  in  fact,  in  these  cases  various  forms  of  diet  and  various 
articles  of  diet  should  be  tried  until  the  articles  which  disagree  are 
ascertained. 

Fluids :  Tea  almost  uniformly  disagrees  with  these  patients,  making 
them  nervous  and  increasing  their  indigestion.  In  many  of  the 
patients  coffee  acts  as  a  desirable  and  pleasant  stimulant,  both  in  the 
morning  for  breakfast  and  after  dinner,  and  does  not  in  any  way 
interfere  with  sleep.  In  others  it  acts  as  a  poison  and  should  be  ex- 
cluded. I  believe  that  in  all  these  cases  alcohol  should  be  avoided  in 
every  form,  especially  the  sour  wines  and  champagne.     In  about  one- 
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half  of  the  cases  whiskey  can  be  taken  without  ill  effects,  but  the 
stronger  wines,  like  port  and  sherry,  and  all  liquors  are  to  be 
avoided.  Occasionally  a  patient  can  take  Rhine  wine  diluted,  or  the 
Austrian  Voslauer,  without  ill  effects.  Water  should  be  taken  very 
freely,  and  a  good  alkaline  or  lithia  water  is  often  of  much  benefit. 

Drugs:  The  digestion  must  be  aided  in  these  patients  by  two 
classes  of  remedies :  one  which  stimulates  the  liver  to  activity,  the 
other  which  counteracts  the  evolution  of  toxic  agents  in  the  intestines. 
First,  it  is  my  habit  to  give  these  patients  small  doses  of  calomel 
(gr.  y^^  every  half-hour  till  one  grain  is  taken)  every  ten  days  and  to 
give  them  a  dose  of  podophyllin  ( gr.  ^)  every  ten  days  alternately 
with  the  calomel.  It  is  also  well  to  stimulate  the  liver  by  the  use 
daily  in  the  morning  of  either  Carlsbad  salt  or  a  salt  made  by  mixing 
gr.  X  of  salicylate  of  sodium  with  5j  of  phosphate  of  sodium  and 
5ss  of  chloride  of  sodium.  If  this  mixed  salt  is  put  in  a  large 
tumbler  of  sparkling  water  of  any  kind,  and  taken  during  the  act  of 
dressing  in  the  morning,  it  will  usually  be  beneficial.  In  this  manner 
the  liver  is  stimulated  to  action. 

The  second  object — the  counteracting  of  the  toxic  agent — is 
attained  by  one  of  three  different  remedies,  and  it  is  never  possible  to 
determine  exactly  which  of  these  three  in  any  one  case  will  prove  of 
service.  The  first  is  a  combination  of  gr.  v  of  the  sulphocarbolate  of 
sodium  with  gr.  j  of  permanganate  of  potassium  put  up  in  a  capsule 
which  is  coated  with  shellac  so  as  to  be  insoluble  in  the  stomach,  and 
hence  dissolve  only  in  the  intestine.  Such  capsules  are  given  after 
each  meal  and  on  retiring.  The  second  remedy  that  I  use  is  a  cap- 
sule of  salol  and  castor  oil — gr.  v  of  salol  and  "ix  of  castor  oil. 
This  also  is  rendered  insoluble  in  the  stomach  by  a  coating  of  shellac. 
The  third  remedy  is  given  in  the  same  manner,  in  capsule  after 
eating,  and  consists  of  benzoate  of  sodium,  gr.  ij  ;  sulphocarbolate  of 
zinc,  gr.  j  ;  and  betanaphtol,  gr.  j.  It  is  my  experience  that  by  the 
administration  of  these  remedies  continuously  for  a  considerable 
period  a  steady  amelioration  in  the  symptoms  of  intestinal  indigestion 
will  ensue,  and,  what  is  much  more  noticeable,  an  entire  cessation  in 
the  periodicity  of  the  alternations  of  the  symptoms  ;  the  first  evidence 
of  relief  being  a  quieter  rest  during  the  night,  without  any  early 
awakening  and  a  relief  from  the  depression  that  occurs  early  in  the 
morning. 
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Baths  :  The  use  of  a  hot  hath  on  rising,  at  a  temperature  of  104°  F., 
for  three  minutes,  followed  by  cool  sponging  for  one-quarter  of  a 
minute,  is  of  importance,  as  nothing  stimulates  the  general  nutrition 
of  the  body  better  than  such  a  measure ;  but  in  this  type  of  patient 
the  cold  bath  in  the  morning  usually  produces  distress,  and  is  followed 
by  a  feeling  of  exhaustion »  cold  extremities,  and  discomfort. 

Exercise  and  Rest :  In  all  cases  an  increased  amount  of  exercise 
should  be  insisted  upon,  yet  in  many  cases  any  long-continued 
exercise  is  most  exhausting  and  is  followed  by  a  rapid  action  of  the 
heart ;  hence,  it  is  far  better  for  these  patients  to  swing  clubs  briskly 
or  to  play  a  game  of  tennis  for  twenty  minutes,  thus  getting  into  a 
pleasant  perspiration,  than  it  is  to  take  an  hour's  horseback  exercise 
or  to  play  a  game  of  golf  which  requires  tramping  two  miles,  though 
both  of  these  measures  occasionally  can  be  endured  and  are  beneficial. 
One  very  important  element  in  the  treatment  is  regularity  in  the 
amount  of  rest.  These  patients  should  be  urged  to  lie  down  and 
relax  all  the  muscles,  the  clothing  being  properly  loosened,  for  one- 
half  hour  after  each  meal,  and  after  any  active  exercise  rest  of  the 
same  duration  should  be  enforced.  One  of  the  essential  elements  of 
successful  treatment  in  these  patients  is  a  pleasant  occupation  for  the 
mind,  as  their  depression  leads  them  to  intensify  their  nervousness  by 
introspection  and  self-observation.  A  variety  of  occupation  should 
be  sought,  and  every  means  should  be  employed  to  keep  them  inter- 
ested and  diverted.  An  outdoor  life  is  far  better  for  them  than  a  life 
indoors,  and  therefore  if  an  occupation  can  be  found  which  involves 
some  activity  in  the  open  air  it  is  desirable :  the  study  of  botany,  the 
study  of  forestry,  the  running  of  a  farm,  the  care  of  chickens,  the 
occupation  of  an  engineer  or  surveyor,  the  study  of  landscape  garden- 
ing— all  of  these  are  pleasing  occupations  for  men  and  women,  and  it 
is  on  this  principle  that  travel  and  change  of  scene  may  be  urged 
upon  these  patients.  But  whatever  means  are  employed  in  their 
treatment,  it  seems  to  me  that  the  essential  element  in  their  success  is 
the  counteracting  of  the  toxic  product  within  the  body  and  the  pre- 
vention of  its  formation. 


ON  THE  EVII^  ARISING  FROM  THE  FAILURE  TO 

RECOGNIZE   THE   TRUE   NATURE  OF 

NEURASTHENIA,  AND   SOME 

CAUSES  OF   THIS 

FAILURE. 


By  W.  W.  JOHNSTON,  M.D., 

OF  WASHINGTON,  D.  C. 


One  of  several  ways  might  be  selected  to  demonstrate  the  truth 
of  the  proposition  that  there  is  a  very  general  failure  to  make  a 
correct  diagnosis  in  cases  of  neurasthenia,  and  that  prolonged  and 
unnecessary  suffering  arises  from  this  cause.  A  report  might  be 
made  of  a  number  of  cases  in  which  such  failure  had- resulted  in 
prolongation  of  illness  through  years.  This  series  of  cases  would 
have  a  remarkable  uniformity  in  showing  how  the  disonler  of  the 
nervous  system  had  entailed  a  degree  and  amount  of  suffering  that 
could  not  be  adequately  described.  It  would  also  show  how 
thwarted  and  exhausted  energies  had  hindered  the  normal  devel- 
opment of  the  individual,  or  had,  as  is  often  the  case,  wrecked  his 
life. 

The  unusual  uniformitv  in  the  historv  of  such  cases  and  the  same- 
ness  in  their  symptoms  and  progress  would  give  to  such  repetition 
more  monotony  and  tediousness  than  I  care  to  be  euiltv  of.  Be- 
side,  I  am  sure  that  my  general  statements  of  fact  will  be  concurred 
in  by  all  present  who  have  to  do  with  the  phenomena  of  this  disease. 

Another  way  to  present  tliis  subject  is  to  report  a  typical  case 
embodying  the  main  features  of  the  class  and  to  let  the  facts  show 
the  truth  of  the  proposition.  With  this  object  in  view,  the  case  of 
Charles  Darwin  has  been  chosen,  as  it  includes  every  essential  fact 
necessary  to  show  the  evil  arising  from  the  failure  to  carry  out  a 
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proper  treatment  of  neurasthenia,  and  has,  moreover,  a  certain  amount 
of  subsidiary  interest  that  makes  it  a  more  striking  example.* 

There  is  no  contemporaneous  opinion  as  to  the  nature  of  Darwin's 
illness  and  no  published  opinion  since  his  death  that  give  any  ade- 
quate explanation  of  his  prolonged  sufferings.  The  facts  in  Darwin's 
case,  stated  briefly,  are  these :  He  was  in  perfect  health  up  to  his 
twenty-second  year,  with  a  strong  frame,  possessed  of  great  endur- 
ance and  fondness  for  outdoor  life  and  field  sports.  At  twenty-two 
years  of  age  he  sailed  on  a  five-years'  cruise  as  naturalist  of  the 
''Beagle."  The  discomforts  of  ship  life  in  a  narrow  cabin,  the 
exacting  nature  of  his  work  in  observing  phenomena,  in  collecting 
specimens,  and  in  taking  notes  in  the  departments  of  botany,  zoology, 
geology,  and  ethnology  combined  to  tax  his  energies  to  the  utmost. 
In  addition  to  the  mental  overstrain  involved  in  such  work,  his  life 
on  shore  was  one  of  great  physical  fatigue.  He  was  never  at  rest 
on  reaching  port,  but  took  every  opportunity  to  visit  distant  points 
of  interest,  to  climb  mountains,  and  to  study  the  fauna  and  flora 
over  extended  areas  of  country.  Many  journeys  on  horseback  were 
undertaken  through  sparsely  settled  districts,  where  food  and  some- 
times water  were  difficult  to  obtain  and  where  every  discomfort  and 
hardship  from  cold,  wet,  and  exposure  had  to  be  endured.  He  was 
often  ten  hours  in  the  saddle  without  food  or  rest,  and  frequently  at 
his  journey's  end  was  exhausted  from  hunger  and  fatigue.  Journeys 
on  horseback  of  100, 200,  and  400  miles  were  accomplished,  and  one 
of  300  miles  in  an  open  boat,  off  Terra  del  Fuego,  was  especially 
notable  for  its  hardships. 

The  voyage  ended  in  1837,  when  Darwin  was  twenty-seven  years 
of  age.  That  the  overstrain  of  the  "  Beagle  "  voyage  was  the  prob- 
able cause  of  the  beginning  of  his  ill-health  is  shown  by  the  fact  that 
symptoms  of  illness  are  spoken  of  soon  after  he  landed.  He  writes 
of  being  unwell  during  the  two  years  and  three  months  between  his 
arrival  and  marriage.  The  three  years  between  his  marriage  and 
the  date  of  his  abandoning  London  for  the  country  were  marked  by 
frequently  recurring  illnesses  and  one  long  and  serious  illness,  the 

1  A  paper  dealing  more  fully  with  the  nature  and  causes  of  Darwin's  111  health  was  read  by 
me  before  the  Anthropological  Society  of  Washington,  and  appears  in  the  "  American  Anthro< 
pologlst,"  January-March,  1901.  What  is  here  stated  as  to  Darwin's  life  and  illness  Is  an 
epitome  of  the  facts  presented  in  that  paper. 
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nature  of  wliich  is  not  fully  described ;  it  is  to  be  inferred,  how- 
ever, that  they  were  all  of  the  same  kind  as  those  that  followed. 
His  increasing  weakness,  the  inability  to  meet  scientific  friends  or 
attend  society  meetings,  and  at  the  same  time  to  carry  on  his  pro- 
jected scientific  work,  forced  him  to  take  the  resolution  to  leave 
London  for  the  country. 

At  Down,  his  new  home,  he  grew  rapidly  worse,  and  from  the 
pages  of  the  Autobiography  and  the  lieminiHcenceH,  written  by  his 
son,  as  well  as  from  his  published  letters,  a  clear  idea  can  l>e  formed 
as  to  the  nature  and  extent  of  his  suflLcrings.  The  symptoms  here 
described  are  these  :  Violent  shivering,  giddiness,  and  vomiting  after 
prolonged  conversation  with  friends,  great  sensitiveness  to  heat  and 
cold,  insomnia,  a  tendency  to  muscular  fatigue  after  slight  exertion, 
emotional  disturbances,  headache,  mental  depression  that  was  some- 
times profound,  palpitation  and  distress  in  the  region  of  the  heart, 
and  continued  disorders  of  digestion.  These  symptoms  bore  a  close 
relation  to  the  amount  and  character  of  his  work  and  to  the  strain 
of  social  life.  "  Anything/'  he  wrote,  "  that  flurries  me  knocks  me 
up  afterward  and  brings  on  a  violent  palpitation  of  the  heait." 
Half  an  hour,  more  or  less,  of  conversation  would  make  to  him  the 
difference  of  a  sleepless  night  and  of  the  loss,  perhaps,  of  half  a 
day's  work.  Any  departure  from  the  regular  routine  of  his  life 
upset  him  for  hours,  and  the  anticipation  of  leaving  home  caused 
a  "  miserable  sinking  feeling,"  although  the  cessation  of  work  and 
absence  from  home  always  did  him  good. 

Darwin's  life  at  Down  began  in  1841.  The  symptoms  of  illness 
increased  as  the  vears  went  on.  After  ten  vears  he  rarelv  went  to 
London,  and  he  gradually  abandoned  all  social  life,  going  nowhere 
and  receiving  but  few  friends  at  home.  In  1857  he  wrote  that  his 
health  had  quite  failed,  and  his  work  is  s])oken  of  as  a  bunlen  from 
whicli  he  would  <»:ladiv  be  freed.  He  was  often  confined  to  the 
house  for  weeks  at  a  time,  and  suspects  at  this  time  that  he  will 
soon  entirely  fall,  and  believes  that  he  must  husband  the  little 
strength  left  in  order  to  finish  his  work.  For  weeks,  sometimes  for 
months,  he  eould  df)  little  or  no  writing,  although  it  was  only  when 
confined  to  his  bed  that  he  gave  up  all  occupation. 

It  is  the  same  story  of  ill-health,  of  suffering,  of  despondency  and 
exhaustion  from  1  H:]{)  to  1872,  a  period  of  thirty-three  years.     From 
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tlie  year  1872  an  improvement  set  in  that  gave  great  '^satisfaction 
and  hope  to  his  family,"  and  during  the  ten  years  from  1872  to 
1882  there  was  an  alleviation  in  many  of  the  most  distressing 
symptoms.  He  had  during  this  time  less  general  discomfort,  less 
insomnia  and  despondency,  and  was  able  to  work  more  steadily. 
Toward  the  latter  end  of  this  period,  although  the  symptoms  con- 
nected with  the  nervous  system  were  much  relieved,  there  was  a 
gradual  loss  of  physical  vigor  with  frequent  complaint  of  pain  or 
uneasiness  about  the  heart.  In  1881  occurred  the  first  of  many 
attacks  of  angina  pectoris,  and  from  this  time  there  is  a  history  of 
arteriosclerosis  with  progressive  heart-weakness,  ending  in  death 
on  April  19,  1882.     His  age  was  seventy-four. 

The  amount  of  work  accomplished  by  Darwin  from  the  date  of  his 
return  home  in  1837  until  his  death  in  1882  is  incredible  when  the 
state  of  his  health  and  the  constant  suffering  under  which  he  labored 
are  considered.  Given  an  established  state  of  neurasthenia  in  1837, 
it  is  easily  seen  how  this  was  aggravated  by  the  nature  and  character 
of  the  work  done,  and  in  this  we  will  find  a  sufficiency  of  causes  to 
produce  the  symptoms  enumerated. 

During  this  time  he  wrote  twenty-three  distinct  and  important 
works.  This  does  not  include  new  editions  and  reviews  nor  the 
books  that  he  edited  and  superintended  through  the  press.  He  also 
published  fifty-one  papers  and  communications  to  scientific  journals. 
Mere  numbers,  however,  give  no  adequate  idea  of  the  amount  of 
labor  done  in  investigation  and  in  an  extensive  correspondence,  nor 
of  the  strain  of  the  intense  and  sustained  application  of  the  mind 
and  the  use  of  faculties  of  the  highest  order  to  the  accomplishment 
of  his  tasks. 

Much  more  might  be  said  to  show  the  relation  between  the  origin 
and  continuation  of  the  neurasthenic  symptoms  in  Darwin's  case  and 
the  causes  that  induced  them,  but  the  point  to  which  I  wish  to  draw 
attention  is  that  the  failure  to  apply  an  early  and  radical  treat- 
ment led  to  great  suffering  during  a  long  period.  That  Darwin 
did  not  break  down  entirely  was  due  to  the  modified  rest  treatment 
under  which  he  lived  during  many  years.  Whether  this  was  begun 
and  continued  under  Sir  Andrew  Clarke's  advice  there  is  no  way 
of  knowing ;  but  it  undoubtedly  saved  Darwin  from  complete 
collapse  and  made  it  possible  for  him  to  live  and  work. 
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His  day's  programme  was  as  follows,  and  it  will  be  observed  how 
well  suited  it  was  for  the  existing  conditions :  7.45,  breakfast ;  8  to 
9.30,  work  in  his  study ;  9.30  to  10.30,  rest  in  the  recumbent  posi- 
tion, with  reading  aloud;  10.30  to  12,  work  in  his  study;  12  to 
12.30,  short  walk  out-of-doors ;  12.30,  luncheon ;  1.30  to  2,  rest  in 
the  recumbent  position ;  2  to  3,  writing  of  letters ;  3  to  4,  rest,  lying 
down  in  bed-room,  with  reading  aloud  and  sleep ;  4  to  4.30,  a  short 
walk  out-of-doors ;  4.30  to  5.30,  work  in  his  study ;  6  to  7,  rest  in 
bed-room  and  reading  aloud;  7,  simple  supper;  8  to  10,  m  draw- 
ing-room, games,  reading,  etc. ;  10.30,  in  bed. 

These  rules,  it  will  be  seen,  allow  five  hours  of  what  may  be  called 
work,  including  letter-writing,  this  time  being  divided  into  four 
periods  of  one  hour  to  one  and  a  half  hours  in  length ;  there  were 
three  and  a  half  to  four  hours  of  rest  during  the  day,  lying  down, 
the  time  being  divided  into  four  periods  of  about  one  hour  each. 
There  were  two  short  outings,  one  of  one  hour  or  one  and  a  half 
hours  in  the  morning  and  one  of  about  the  same  length  of  time  in 
the  afternoon.     Eight  hours  and  a  half  were  spent  in  bed  at  night. 

The  problem  with  Darwin  was  how  a  man  suffering  with  such 
symptoms  could  best  continue  an  arduous  life  of  intense  mental 
application  during  the  many  years  necessary  to  complete  a  great 
task.  Danvin  certainly  solved  tlie  problem;  the  task  was  com- 
pleted in  spite  of  suffering  and  exhaustion. 

There  can  be  very  little  question,  however,  in  view  of  the  benefit 
derived  from  the  lessening  of  the  hours  of  work  and  from  the  effect 
of  diversions  and  holidays,  that  if  Darwin,  on  his  return  from  the 
"  Beagle  "  voyage,  had  abandoned  work  altogether  and  had  devoted 
one  or  two  years  to  an  effort  to  regain  lost  strength  he  probably 
would  liave  been  cured,  certainly  benefited,  and  that  his  afterlife 
would  have  been  more  full  of  joy  and  alleviation  than  it  was. 

Darwin's  case  does  not  differ  in  any  material  way  from  a  large 
number  met  with  in  everyday  experience ;  it  serves  the  purpose  of 
this  paper  in  showing  what  serious  evils  follow  the  neglect  to  insist 
upon  the  entire  abandonment  of  all  work  in  the  earlier  stages  of 
neurasthenia.  My  experience  is,  I  am  sure,  not  peculiar  in  meet- 
ing with  patients  who,  not  having  been  advised  with  sufficient 
urgency  to  follow  this  course,  repeat  the  story  of  work  continued 
during  many  years  under  every  possible  hinderance  and  discourage- 
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ment-  The  results  obtained  under  such  circumstances  are,  as  a  rule, 
imperfect,  and  success  purchased  at  so  great  cost  of  ill-health  brings 
with  it  DO  adequate  compensation. 

Worse  than  this,  it  is  not  rare  to  see  careers  entirely  ruined  by 
the  early  establishment  of  a  neurasthenic  state,  with  the  loss  of  all 
self-confidence  and  energy,  and  there  is  but  a  narrow  margin,  which 
is  frequently  crossed,  l^tween  the  mental  depression  of  neurasthenia 
and  suicidal  melancholia. 

No  matter  how  serious  are  the  symptoms  presented  in  a  case  of 
neurasthenia,  cure  is  the  usual  result  if  the  treatment  is  radical 
enough  and  continued  for  a  sufficient  length  of  time.  That  some 
cases  are  not  curable  by  any  mode  of  treatment  must  be  admitted. 
Incurability,  however,  does  not  belong  to  the  early  stages  of  the 
disease,  but  to  the  latter  periods  of  cases  that  have  lasted  for  years 
without  proper  treatment,  although  they  may  have  wandered  the 
world  over  in  the  vain  search  of  health. 

The  reasons  for  the  failure  to  apply  early  treatment  are  too  numer- 
ous to  rehearse.  The  unwillingness  of  patients  to  recognize  the  true 
nature  of  their  symptoms  and  to  submit  themselves  unreservedly  to 
the  advice  of  the  physician  are  very  obvious  causes  in  many  in- 
stances. Within  recent  years  new  obstacles  to  prompt  and  thorough 
treatment  have  arisen  in  the  development  of  specialism.  A  malady 
that  shows  functional  disturbance  in  every  organ  in  the  body  is  an 
attractive  field  for  special  therapeutists,  as  it  shows  a  ready  point  of 
attack  from  whatever  side  it  is  seen.  It  is  difficult  indeed  to  avoid 
a  bias  where  the  cries  for  help  come  from  the  eyes,  stomach,  intes- 
tines and  genital  organs,  the  heart,  every  nervous  center  and  every 
nerve,  and  where  every  special  method  in  turn  so  fully  satisfies  the 
patient's  demand. 

Goodell's  paper  on  the  "Abuse  of  Uterine  Treatment  Through 
Mistaken  Diagnosis"  (Medical  Xm\s,  December  7,  1889)  served  a 
good  purpose.  It  is  time  for  some  representative  of  each  specialty 
to  point  out  the  hinderances  to  cure  that  are  found  in  the  honest 
attempts  in  his  department  to  empty  the  ocean  by  draining  the 
water  of  the  bay.  What  Goodell  calls  the  *^  positive  exuberance 
of  symptoms "  in  neurasthenia  makes  the  diagnosis  difficult  unless 
the  simple  combination  is  known  that  unlocks  the  door  and  shows 
the  whole  interior  at  a  glance. 
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At  the  present  moment  a  frequent  mistake  is  in  attributing  gen- 
eral nervous  symptoms  to  gastric  disorder  and  resorting  to  diet  or 
local  treatment.  The  effect  of  this  is  to  satisfy  the  patient's  reason 
and  benefit  him  to  a  limited  extent,  but  it  leaves  untouched  the 
essential  cause  of  the  disease  and  indefinitely  postpones  its  cure. 
As  a  rule,  indigestion  of  this  nature  is  quickly  cured  by  rest  and 
feeding,  and  the  futile  attempts  to  get  relief  by  lavage,  diet,  and 
drugs  alone  postpone  the  adoption  of  radical  and  necessary  procedures. 

Another  hindemnce  to  the  prompt  and  thorough  treatment  of 
neurasthenia  is  the  general  want  of  the  appreciation  of  its  symp- 
toms among  young  medical  graduates.  The  improvement  in  medi- 
cal education  would  lead  us  to  expect  more  precise  knowledge  on 
the  subject.  The  tendency  is  to  totally  ignore  or  minimize  charac- 
teristic symptoms,  or  to  explain  them  as  depending  on  conditions 
that  are  themselves  the  result  of  the  disorder  of  the  nervous  svstem. 
There  is  no  gainsaying  the  assertion  that,  as  a  consequence,  there  is 
among  the  rank  and  file  of  the  profession  a  general  misapplication 
of  treatment  to  the  conditions  found.  What  are  the  reasons  for  this 
it  would  be  difficult  to  say  ;  but  if  physicians  are  to  meet  the  prob- 
lems of  ill-health  among  the  overtaxed  business  and  professional 
men  of  tliis  busy  country  they  will  have  to  receive  more  exact  in- 
struction in  the  diagnosis  and  treatment  of  neurasthenia  than  is 
now  given  them.  If  this  were  done  we  would  have  less  uncertainty, 
more  decision  and  promptitude  in  dealing  with  this  disease,  and 
would  turn  many  such  sufferers  from  the  doors  of  the  charlatans 
of  all  sorts  which  they  now  crowd  in  the  vain  expectation  of  relief. 
There  would  be  less  disposition  to  resort  to  therapeutic  measures 
designed  to  impress  the  imagination  of  these  patients,  and  the  effort 
would  be  made  to  treat  them  with  reason  based  upon  a  knowledge  of 
the  true  pathology  of  the  disease. 

The  difficulties  met  with  in  treating  all  but  the  mildest  forms  of 
neurasthenia  in  their  own  homes,  and  the  rapid  improvement  when 
all  the  surrounding  conditions  are  favorable,  create  the  demand  for 
special  institutions  for  this  purpose.  Hospitals  for  mixed  cases  do 
not  answer  for  these  patients.  They  need  sanatoria  proi>erly  con- 
structed and  ecjuipped  with  every  device  to  secure  rest,  quiet,  and 
seclusion. 

Forms  of  mental  disturbance  should  not  be  treated  under  the 
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same  roof  with  neurasthenic  patients ;  these  are  always  sensitive  to 
sights  and  sounds,  and  are  injured  by  association  with  the  insane  as 
well  as  with  inebriates  and  opium  habitues. 

There  is  in  this  country  a  great  opportunity  for  the  development 
of  the  institutional  treatment  of  neurasthenia ;  but  such  institutions, 
to  be  successful,  must  be  constructed  and  managed  for  neurasthenic 
cases  only,  and  under  the  care  of  men  specially  trained  for  this  work ; 
the  management  and  methods  must  be  such  as  to  guarantee  honesty 
and  ability,  with  complete  freedom  from  every  suspicion  of  char- 
latanry. 


DISCUSSION. 

Dr.  Cabot  :  In  the  treatment  of  the  type  of  neurastheuia  uupposed  by 
him  to  be  toxic,  I  understood  Dr.  Starr  to  say  that  calomel  and  podophyllin 
were  useful  as  hepatic  stimulants.  It  is  now  three  years,  I  think,  since  Dr. 
Franz  Pfaff  showed  this  to  be  a  mistake,  and  it  seems  to  me  it  is  time  now 
to  give  up  the  use  of  those  terms. 

Dr.  Putnam:  There  is  abundant  opportunity  for  differences  in  opinion 
regarding  the  origin  of  neurasthenia,  since  the  conditions  are  so  complex.  It 
does  not  seem  to  me  that  Dr,  Starr  has  proved  his  case  in  regard  to  its  toxic 
cause.  We  have  had  neurasthenia  attributed  to  uric  acid  and  to  a  variety  of 
similar  conditions,  but  the  connection  has  never  been  proven.  It  is  not  my 
experience  that  the  form  under  consideration  occurs  only  in  cases  where 
digestion  is  disturbed.  As  regards  ''the  varying  intensity  of  the  cause  cor- 
responding to  the  varying  intensity  of  symptoms/'  it  seems  to  me  that  is  not 
the  correct  principle  to  work  upon.  Many  neurosal  states  dependent  on  a 
fixed  cause  show  these  periodic  exacerbations  of  an  earlier  generation.  I 
was  many  years  ago  struck  by  the  statement  of  Verneuil,  a  French  surgeon, 
that  the  neuralgia  associated  with  healing  of  wounds  is  periodical,  and  I  see 
no  reason  why  we  should  consider  that  these  cases  belong  to  a  different  class. 

Again,  because  a  disease  is  cured  by  a  certain  remedy,  we  cannot  argue 
with  any  degree  of  probability  that  we  have  found  the  cause.  The  vicious 
circle  of  disease  may  be  broken  up  by  many  influences  that  have  nothing  to 
do  with  the  formation  of  that  circle  originally.  I  was  going  to  say  what  Dr. 
Cabot  did  about  the  various  eliminants,  especially  those  that  act  on  the  liver, 
I  also  believe  that  it  is  more  than  doubtful  whether  we  can  influence  the 
action  of  the  liver  in  that  way.  Other  means  of  treatment,  too,  such  as  Dr. 
Johnston  has  alluded  to,  for  example,  are  just  as  effective  in  this  class  of 
cases  as  in  others.  I  would  like  to  express  my  indorsement  of  what  Dr. 
Johnston  said  concerning  the  establishment  of  sanatoria.  They  are  badly 
needed  in  this  country. 
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Dr.  Heifer  :  I  should  like  to  say  a  word  in  regard  to  the  relation  between 
mental  depression  and  the  occurrence  of  intestinal  putrefaction.    I  am  sorry 
Dr.  Starr  did  not  state  in  his  paper  what  he  considers  that  relationship  to  be. 
A  number  of  years  ago,  when  studying  melancholia,  I  found  the  ethereal  sul- 
phates regularly  and  largely  increased  in  this  condition.    I  have  observ^ed 
since,  in  many  cases  falling  short  of  melancholia,  a  regular  relationship  be- 
tween the  ethereal  sulphates  and  indican  and  the  mental  depression ;  the 
indican  diminishes  and  the  ethereal  sulphates  diminish  as  the  patients  come 
to  feel  better,  whereas,  if  the  patient  becomes  more  depressed  these  substances 
occur  in  increased  amount.     Whether  the  relationship  is  one  of  cause  and 
effect  is,  of  course,  another  question ;  but  in  some  experiments  a  few  years 
ago,  on  the  administration  of  indol  to  the  human  subject,  I  found  that  under 
certain  conditions  the  doses  were  followed  by  very  marked  nervous  symptoms, 
by  increased  irritability  of  the  nervous  system,  and  subsequently  by  depres- 
sion of  function,  which  made  it  necessary  to  give  up  the  experiments. 

The  criticism  made  by  Dr.  Cabot  on  the  action  of  calomel  as  a  cholagogne 
appear  entirely  justifiable.  The  action  of  calomel  in  these  cases  can  be  ex- 
plained in  a  simpler  way,  and  by  supposing  it  to  act  as  a  cholagogue.  The  use 
of  calomel  is  followed  by  rather  free  movements,  and  during  the  period  of 
diminished  absorption  the  excretion  of  ethereal  sulphates  is  small  and  the 
patients  feel  temporarily  relieved. 

Dr.  Baumgarten  :  I  would  like  to  call  attention  to  one  of  the  reasons 
why  it  is  difficult  for  us  in  individual  cases  to  trace  the  causes  of  neuras- 
thenia that  arise  from  mental  overwork  to  their  true  source.  We  have  not 
so  good  an  apparatus  for  estimating  mental  fatigue  as  for  judging  muscular 
fatigue.  The  man  who  does  a  hard  day's  muscular  work  feels  fatigued  im- 
mediately, but  the  mental  worker  does  not  perceive  his  fatigued  condition 
or  is  stimulated  by  it  to  even  greater  effort,  and  habitually  overworks  until 
he  reaches  the  dangerous  period,  when  he  breaks  down. 

Dr.  Starr:  I  will  call  attention  to  the  fact  that  I  presented  these  cases 
as  being  one  of  several  classes  of  neurasthenia,  and  have  not  said  that  all 
cases  of  neurasthenia  conform  to  that  type.  In  the  beginning  of  the  paper  I 
classified  neurasthenics  in  four  groups,  of  which  the  toxic  group  came  last. 
My  study  of  neurasthenia  has  been  a  pretty  wide  one,  and  in  trying  to  differ- 
entiate different  types  it  has  seemed  to  me  that  there  is  a  class  distinctly  toxic 
in  origin  in  which  this  periodicity  of  symptoms  occurs,  and  which  responds 
to  certain  remedies.  I  am  more  and  more  failing  to  diagnosticate  primary 
neurasthenia,  and  am  more  frequently  finding  neurasthenia  secondary  to 
other  diseases. 

I  am  perfectly  familiar  with  the  recent  literature  from  Dr.  Pfaff's  labora- 
tory on  the  subject  of  the  action  of  calomel  and  podophyllin  and  their  effects 
upon  the  liver,  and,  of  course,  I  know  perfectly  well  that  calomel  and  podo- 
phyllin do  not  actually  stimulate  the  liver;  but  they  do,  by  their  purgative 
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action,  wash  out  of  the  intestines  a  large  amount  of  bile,  and  they  produce 
certain  chemical  changes  in  the  intestines  that  lead  to  renewed  activity  on 
the  part  of  the  liver.  You  may  call  that  what  you  please,  but  the  practical 
effect  produced  is  what  we  want  in  the  way  of  stimulation  of  the  liver ;  it 
may  not  be  at  all  by  increasing  its  secretion  of  bile,  but  rather  by  producing 
other  effects  which  aid  metabolism. 


TWO    CASES   OF   STREPTOTHRICAL   INFECTION:    DE^ 

MONSTRATION   OF  A  STREPTOTHRIX,  OR 

BRANCHED  TUBERCLE  BACILLUS, 

IN  THE  SPUTUM. 

By  JOHN  H.  MUSSER,  M.D,  and  NORMAN  GWYN,  M.D. 

ABSCESS  OF  THE  BRAIN  DUE  TO  A  STREPTOTHRIX.^ 
By  JOHN  H.  MUSSER,  M.D.,  R.  M.  PEARCE,  M.D.. 

AND 

NORMAN  GWYN,  M.D., 

OF  PHILADELPHIA. 


Case  I. — J.  T.,  aged  thirty-seven  years,  male,  married;  very  active  in 
business;  under  the  care  of  Dr.  Dercum  for  mental  disorder  of  several 
months'  duration.  I  was  asked  to  see  him  September  25th  because  of  slightly 
increased  respiration,  pulse-rate,  and  temperature  without  apparent  cause. 
Physical  signs  of  bronchitis  of  very  moderate  amount  were  found.  A  slight 
morning  cough  was  observed.  The  temperature  until  October  30th  was 
about  d9i°  to  100^°  in  the  evening;  the  pulse  was  100  to  125.  The  mental 
symptoms,  confusion,  and  some  excitement  continued.  He  gradually  became 
more  dusky  and  the  respirations  more  frequent.  He  had  sweats  during  this 
time,  and  lost  weight.  The  physical  signs  of  bronchitis  became  more  marked 
and  the  heart  became  dilated.  On  the  evening  of  October  30th  the  temper- 
ature began  to  rise,  reaching  104°  November  3d.  Physical  signs  of  broncho- 
pneumonia developed,  and  death  took  place  November  6th  from  exhaustion, 
due  to  dilated  heart,  which  also  caused  oedema  of  the  lungs.  The  blood,  the 
urine,  and  the  sputum  were  examined  as  frequently  as  the  state  of  the  case 
permitted.  Of  the  first  two  nothing  could  be  obtained  to  throw  light  on 
the  case.  The  urine  was  always  of  normal  specific  gravity ;  contained  a  trace 
of  albumin,  no  sugar,  and  few  hyaline  casts.  The  blood  did  not  show  leuko- 
cytosis. The  one  count  reported  is  typical  of  all.  The  hemoglobin  was  80 
per  cent. ;   red   blood-corpuscles,  4,572,000 ;   white  blood-corpuscles,   3200. 

1  See  *•  Streptothrlcal  Infection,"  by  John  H.  Musser,  M.D.    Pbila.  Med.  Joum.,  and  Trana. 
Chicago  Medical  Society. 
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Of  the  whites  there  were :  polymorphonuclear,  79  per  cent. ;  small  mono- 
nuclears, 17  per  cent. ;  large,  3  per  cent. ;  transitional,  1  per  cent. 

The  sputum  was  studied  most  carefully  by  my  associate,  Dr.  Norman 
Gwyn,  and  to  him  I  am  indebted  for  the  suggestion  of  the  nature  of  the  in- 
fection.   His  report  is  as  follows : 

The  spiUum  first  obtained  was  small  in  amount,  yellowish,  homogeneous 
looking ;  not  foul,  and  contained  no  blood.  No  granular  masses  were  pres- 
ent. Unfortunately,  afLer  the  second  day  the  stuporous  condition  of  the  pa- 
tient seemed  to  prevent  the  collecting  of  pulmonary  discharges,  the  later 
specimens  being  only  nasal  mucus  and  buccal  secretion.  The  first  examina- 
tion showed  apparently  a  few  thin  tubercle  bacilli  retaining  faintly  the  red 
stain  of  carbol-fuchain  after  counter-staining  with  Gabbett's  methylene-blue. 
Owing  to  the  filiform  appearance  of  one  of  these,  further  examination  was 
made  and  revealed,  in  addition  to  small  rod-like  forms,  some  definite  branch- 
ing structures  resembling  those  pictured  by  several  of  the  before-mentioned 
authors.  No  rosettes  or  club-like  bodies  were  present.  Many  presented 
bevelled  ends  and  were  present  as  short  filaments.  By  Gram's  stain  prin- 
cipally rod-like  forms,  containing  the  round  coccus -like  bodies  (polychroma- 
toais),  were  to  be  found.  Some  showed  true  branching.  The  organisms  were 
extremely  few.  The  rod-like  forms,  by  themselves^  could  readily  be  mistaken 
for  tubercle  bacilli.  Only  in  the  specimens  stained  by  Ziehl-Neilsen  and 
Gram's  method  were  definite  streptothrical  filaments  found.  Great  numbers 
of  streptococci  and  pneumococci  (?)  were  present,  which  caused  the  death  of 
the  guinea-pig  in  ten  days  without  any  signs  o  f  streptothrical  or  tubercular 
lesions.  As  I  have  mentioned,  after  the  first  two  days  no  true  sputum  was 
obtained.  Afler  the  second  day  the  nasal  and  oral  secretion  showed  no 
organism  like  those  found  in  the  specimens  of  the  first  days.  Cultural  ex- 
periments had  no  results.  The  definitely  branching  structures  and  the  ap- 
pearances presented  by  Gram's  and  Ziehl-Nielsen  stain,  together  with  the 
resemblance  to  previously  described  streptothricse,  induced  us  to  suppose 
that  we  had  to  do  either  with  a  primary  streptothrical  infection  or  one  sec- 
ondary to  a  streptococcus  infection  of  the  bronchial  tract.  The  possibility 
of  these  organisms  being  branched  forms  of  the  tubercle  bacillus  must  also 
be  considered. 

Plate  I.  shows  the  filamentous  and  beaded  rod-like  forms  found  with  Ziehl- 
Neilsen  stain.  From  the  grouping  and  the  fact  that  the  organisms  are 
nowhere  scattered  through  the  field,  but  gathered  in  clumps  or  masses,  one 
gets  the  idea  that  they  may  represent  small  mycelial  tufts. 

Plate  II.  shows  the  rod-like  forms  with  their  coccus-like  spores.    Only 
very  occasional  branching  is  here  to  be  seen. 

Case  II.  is  of  extreme  interest,  and  is  the  first  of  its  kind  to  be 
reported  in  this  country.  It  is,  however,  a  very  accurate  picture  of 
that  described  by  Sabrazes,  Riviere,  and  is  very  similar  to  those  of 
Eppinger,  Ferri  and  Faguet,  Aoyama  and  Chiari.     Clinically,  it  is  of 
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Sputum,  Case  No.  1.    Gram  stain.     Rod-like  forms,  with  round 

coccus-like  contents. 
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importance  as  showing  how  large  an  area  of  the  brain  can  be  affected 
without  giving  rise  to  localizing  symptoms^  and  how  di£Scult  the 
diagnosis  of  such  condition  may  be.  Further^  it  may  explain  the 
nature  of  some  of  those  instances  of  cerebral  infection^  particularly 
abscess,  in  which  neither  by  culture  nor  by  animal  inoculation  can 
an  infective  agent  be  discovered. 

The  history  of  this  case  was  as  follows : 

Case  II. — C.  H.,  siugle,  aged  twenty -four  years.  Complaining  of  an  attack 
of  loss  of  consciousness,  with  later  nausea  and  vomiting.  His  father  had 
died  of  pulmonary  tuberculosis.  He  had  always  been  fairly  well ;  habits 
good ;  had  gonorrhea  some  years  ago ;  no  lues ;  no  history  of  luug  trouble ; 
no  ear  disease.     Had  some  small  operation  on  nose  recently. 

Was  quite  well  up  to  Wednesday,  February  6th,  when  he  had  severe  head- 
ache. The  following  day  while  at  work  he  felt  uncomfortable,  and  in  a  few 
moments  lost  consciousness,  falling  to  the  floor  and  biting  his  tongue.  He 
was  quite  alone,  so  that  nothing  further  than  this  could  be  ascertained.  The 
patient  felt  dazed  and  stupid  and  noticed  numbness  of  right  arm  and  leg, 
with  some  twitching  of  these  members.  On  Friday  he  felt  better ;  on  Saturday 
and  Sunday  he  was  much  the  same.  On  Monday,  the  10th,  another  attack, 
distinctly  convulsive  and  resembling  epilepsy,  occurred.  The  numbness  of 
right  arm  and  leg  was  a  little  more  pronounced,  and  the  occasional  twitch- 
ing was  evident.  There  was  slight  headache,  no  chills,  no  cough,  no  pain 
or  discharge  from  the  ears,  no  eye  symptoms. 

Seen  by  Dr.  Dercum  at  this  time  no  definite  localizing  symptoms  could  be 
made  out.  Present  condition  persisted.  There  was  no  fever.  The  patient 
remained  fairly  well  and  was  conscious.  Pupils  were  equal;  tongue  heavily 
furred.  The  pulse  was  fair  and  the  patient  seemed  to  be  improving.  There 
was,  however,  slight  hypsesthesia  of  the  right  side. 

On  Wednesday  morning  about  9  o'clock,  after  a  fair  night,  there  was, 
according  to  the  nurse,  a  sudden  collapse.  The  pulse  could  not  be  felt  at 
the  wrist.  When  seen  half  an  hour  later  the  pulse  was  very  slow  (30  to  50) » 
very  irregular,  but  of  fair  volume.  The  patient  was  semi-conscious,  answering 
only  when  shouted  at.  The  patellar  reflexes  seemed  exaggerated,  especially  on 
the  right  side.  There  was  marked  hyperextension  of  both  feet.  The  Babinski 
reflex  was  marked  on  the  right  leg ;  Kernig's  sign  well  marked ;  very  decided 
ankle  clonus.  Heart,  lungs,  and  abdomen  negative.  Feces  and  urine  were 
being  passed  involuntarily ;  some  cyanosis  of  the  nose  and  ears  beginning. 
There  was  no  rigidity  of  the  neck,  nor  any  tenderness  over  the  skull.  The 
examination  of  the  eyes  by  Dr.  de  Schweinitz  showed  deviation  of  the  left 
eye;  pupils  negative;  very  marked  edema  of  the  disks,  probably  due  to 
meningitis.  The  patient  was  unconscious  by  evening ;  pulse  was  irregular 
and  variable;  distinct  Cheyne  Stokes  respiration.  Prof.  Hare  joined  in  the 
consultation. 
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Lumbar  puncture  was  performed.  Two  ounces  of  turbid  fluid  contained  a 
few  leukocytes,  but  no  bacteria  were  obtained.  There  was  immediate  im- 
provement, the  patient  regaining  consciousness  and  remaining  so  until  6.80 
next  morning,  Thursday.  Lumbar  puncture  was  repeated,  with  no  improve- 
ment. The  patient  lapsed  again  into  a  semi-conscious  state ;  rigidity  of  the 
right  side  became  quite  marked.  Occasional  convulsive  movements  were, 
however,  sometimes  seen  on  the  lefl,  and  a  general  convulsion,  apparently  of 
pontine  origin,  occurred.  The  hypereztension  of  the  feet  was  extreme,  the 
dorssB  of  the  feet  being  level  with  the  tibiae.  No  rigidity  of  the  neck ;  reflexes 
still  exaggerated ;  Babinski's  reflex  still  present.  The  patient  gradually  failed, 
dying  at  6.30  p.m.  on  Thursday,  one  week  from  the  onset  of  the  first  con- 
vulsion. 

The  temperature,  though  subnormal  at  first,  began  to  rise  in  the  last  three 
days,  and  for  twenty- four  hours  before  death  was  between  103°  and  105°. 
The  pulse  increased  in  frequency  meanwhile,  but  lost  very  much  in  volume. 
Apart  from  the  slight  deviation  of  the  left  eye,  slight  impairment  of  sensation 
on  right  side,  no  paralyses  or  localizing  symptoms  were  observed. 

The  autopsy  and  the  histologic,  cultural,  and  experimental  examinations 
were  made  by  Dr.  R.  M.  Pearce,  to  whom  we  are  indebted  for  much  care 
in  prosecuting  the  inquiries. 

Head  only  Examined,  Scalp  and  calvarium  not  noteworthy.  Dura  mater 
normal ;  pia  normal ;  posterior  and  upper  portion  of  upper  hemisphere 
prominent.  At  a  point  just  posterior  to  upper  portion  of  fissure  of  Rolando  is 
jin  area  3  cm.  in  diameter,  which  is  fluctuant,  grayish -yellow  in  color.  On  sec- 
tion there  is  found  at  this  point,  principally  in  the  white  matter  of  the  hemi- 
aphere,  but  also  involving  the  cortex,  a  cavity  3^  cm.  in  diameter,  containing 
a  thick  fluid,  the  first  portion  of  which  to  escape  is  chocolate  colored,  the 
remaining  portion  is  grayish -yellow  and  of  the  consistency  of  oil.  No 
granules  resembling  those  of  actinomyces  were  present.  The  cavity  is  lined 
by  a  thin  greenish-gray  necrotic  membrane,  beneath  which  the  brain  tissue 
is  much  injected.  The  odor  of  this  pus  is  exceedingly  foul.  Brain  tissue 
surrounding  abscess  for  the  distance  of  2  to  3  cm.  is  softened  and  yellow  in 
color,  though  there  is  apparently  no  direct  extension  of  the  inflammation. 

Macroscopically  there  is  no  inflammation  of  the  pia  over  abscess.  The 
rest  of  the  brain  on  section  is  normal.  There  is  no  evidence  in  the  vessels 
of  the  brain  of  arterial  disease,  thrombosis,  or  embolism.  Bony  ears  are 
normal,  and  nowhere  in  the  skull  is  there  evidence  of  necrosis  or  bone- 
disease. 

Smears  from  the  abscess  contents  showed  no  tubercle  bacilli,  and  only  after 
prolonged  search  and  staining  by  carbol-f  uchsin,  followed  by  Gram's  solution 
and  decolor!  zation  by  anil  in  oil,  could  anything  be  made  out.  In  one  of  these 
specimens  was  found  a  large  ball-like  and  tangled  mass,  made  up  of  long, 
thin  filaments,  staining  irregularly.  (Plate  III.)  There  is  some  suggestion 
of  branching  at  the  periphery  of  this  mass.  Only  the  one  clump  of  these 
organisms  was  found.    Cultures,  aerobic  and  anaerobic,  were  quite  negative. 
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Inoculations  of  two  guinea-pigs  were  made,  subcutaneous  and  intraperi- 
toneal. The  first  of  these  died  in  nine  days,  nothing  suggestive  being  found ; 
the  other  being  killed  after  thirty-two  days,  and  showing  nothing  but  a  few 
miliary  nodules  at  point  of  inoculation  in  the  peritoneum.  No  evidence  of 
tuberculosis  in  either  animal.  Cultures  from  both  were  negative.  Histologic 
examination  negative. 

A  histologic  examination  of  the  wall  of  the  abscess  of  the  brain  showed 
the  inner  edge  to  be  composed  of  necrotic  pus  cells,  indicating  its  chronicity. 
the  deeper  layer  of  fairly  well-preserved  pus  cells,  lymphoid  cells,  and  occa- 
sional endothelial  cells.  In  the  adjoining  brain  tissue  lymphoid  and  plasma 
cells  were  quite  numerous.  About  the  bloodvessels  at  periphery  of  abscess 
are  many  lymphoid  and  pus  cells.  The  surrounding  brain  tissue  shows 
degeneration  with  infiltration  by  polymorphonuclear  leukocytes.  No  evi- 
dence of  tubercles  or  tubercle  bacilli. 

Sections  stained  with  carbol-fuchsin,  potassium  iodid  and  iodin,  and  de- 
colorized by  anilin  oil,  show  in  one  spot  a  large  mass  of  threads  radiating 
from  a  common  center.  (See  Plate  IV.)  At  the  periphery,  where  the 
arrangement  of  individual  elements  are  loose,  they  appear  as  long,  thin 
threads,  with  small,  irregular  staining.  The  general  appearance  is  that  of 
the  center  of  a  colony  of  actinomyces.  No  clubs  or  rosettes  are,  however, 
present.  Along  the  edge  of  abscess  wall  a  few  single  threads,  similar  to 
those  in  the  original  smears,  were  found. 

Twenty-six  cases  are  reported  by  eighteen  observers.  The  sexes 
were  indiscriminately  affected,  but  all  were  in  adult  life.  Four  of 
them  presented  cutaneous  and  subcutaneous  lesions,  but  one  alone  of 
these  four  had  no  lesions  elsewhere  (Case  I.).  In  six  cases  death  was 
due  to  intracranial  abscess,  in  two  of  which  no  other  lesions  were 
reported.  One  of  the  remaining  four  had  the  bronchial  glands 
affected,  one  had  bronchopneumonia  and  two  bronchiectasis,  all  pos- 
sibly primary,  due  to  the  infection  which  caused  the  intracranial 
lesion.  Two  of  the  twenty-six  died  of  meningitis,  in  one  of  which 
class  an  endocarditis  was  found,  with  the  streptothrix  as  causal  of  both 
lesions. 

The  pulmonary  lesions  were  predominant.  Excluding  the  lesions 
of  the  bronchial  glands  above  referred  to,  in  eighteen  the  lungs  or 
lungs  and  pleura  were  infected.  One  was  said  to  have  pulmonary 
symptoms,  one  had  tuberculosis  and  pleurisy,  one  had  influenza-like 
symptoms.  Eight  of  the  patients  had  bronchopneumonia,  one 
having  also  empyema,  and  two  terminated  in  gangrene  and  in  abscess 
of  the  lung  respectively.  One  of  the  eight  patients  with  broncho- 
pneumonia had  cerebral  abscess,  presumably  metastatic,  perhaps  from 
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the  bronchial  glands.  One  of  the  eight  had  bronchiectasis.  Two  of 
the  eight  bronchopneumonias  had  cutaneous  infections^  and  had  no 
complications. 

Three  of  the  eighteen  pulmonary  cases  had  abscess  of  the  lung, 
one  having  bronchopneumonia — as  mentioned  above — and  one  em- 
pyema. Four  were  victims  of  bronchiectasis,  one  of  which  had 
bronchopneumonia  and  one  gangrene  of  the  lung.  In  addition  to 
the  one  case  of  gangrene  of  the  lung  with  bronchiectasis,  three  cases 
of  pulmonary  gangrene  were  reported  by  A.  Ucke. 

To  these  must  be  added  one  case  of  noma  and  one  of  subphrenic 
abscess. 

It  is  thus  seen  that  nineteen  at  least  of  the  cases  had  some  pul- 
monary infection.  Of  the  remaining,  one  (cerebral  abscess)  at  least 
did  not  come  to  autopsy  (chest  not  examined). 

It  does  not  seem  unwarranted  to  judge  that  the  infection  atrium 
and  primary  lesion  are  in  the  respiratory  tract. 
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Reporter. 

Clinical  course. 

1  Microscopic  examl- 
1            nation. 

Cultures. 

Inocula- 
tion. 

1.   Rosen'bacb, 

Erysipeloid. 

Branching  thread- 
like organisms. 

Positive. 

Positive. 

2:  Nannyn, 

EndocardltlB  meningitis. 

Branching  threads. 

Negative. 

S.    Almqiilst, 

Cerebrospinal  menin- 
gitis. 

Positive. 

*    X*i*»  V*  W  ^0  • 

4.   Bppioger, 

Abscess  of  brain,  infec- 
tion of  bronchial 
glands. 

Bronchopneumonia ; 

Branching  threads. 

Positive. 

Positive. 

5u,   Bucholtz, 

Branching  threads ; 
streptothrlx. 

Negative. 

Negative. 

empyema. 

6.    Sabraaes  and 

1.  Abscess  of  brain  ; 

1.  Organisms  found. 

Positive. 

PodUve. 

Riviere, 

small  abscess  kidney ; 
bronchopneumonia. 

2.  Bronchopneumonia. 
Abscess  of  brain. 

2.  Organisms  found. 

Positive. 

Positive. 

7.   Feni  and  Faguet, 

Characteristic 

Positive. 

Negative. 

I 

organisms. 

8.   Flexner, 

Bronohopnenmonla ; 
pseudotuberculosis. 

Characteristic 
organisms. 

Negative. 

Negative. 

9.   S€hTile  and 

Influenzal-ilke  Illness ; 

Characteristic  or- 

Negative. 

Negative. 

Petniscfaky, 

pleuropneumonia ; 
pustular  exanthem. 

ganisms  in  sputum 
and  skin  pustules. 

10.   FuUerton, 

Pulmonary  and  cutane- 
ous Inflammations. 

Characteristic  or- 
ganisms in  sputum 
and  skin. 

Negative. 

Negative. 

11.   RuUman  and 

Abscess  of  lung ; 

Characteristic 

Positive. 

Positive. 

Zlemasen, 

bronchopneumonia. 

organisms. 
1.  Characteristic 

12.    Aoj-ama  and 

1.  Pulmonary  abscess ; 

Positive. 

Positive. 

Myamoto, 

organisms. 

2.  Tuberculosis;  pleurisy 

2.  Characteristic 
organisms. 

Positive. 

Positive. 

13.   Larkin  (&  Norris, 

1.  Gangrene  of  lung, 
bronchiectasis. 

1.  Characteristic 
organisms. 

Positive. 

Positive. 

2.  Pott's  disease  of  spine, 

2.  Characteristic 

Positive. 

Positive. 

bronchopneumonia, 

organisms. 

and  bronchiectasis. 

14.   Chlari, 

Cerebellar  abscess,  mye- 
litis, bronchiectasis 
(mixed  infection). 

Characteristic 
organisms. 

Negative. 

Negative. 

I.S.   VonJakBch, 

Cerebral  abscess,  men- 
ingitis, bronchiectasis. 

Characteristic 
organisms. 

Negative. 

Negative. 

16.  Uckc, 

1.  Pulmonary  abscess 
and  pyema. 

Characteristic  or- 
ganisms (sputum). 
2.  Characteristic  or- 

2. Pulmonary  gangrene. 

ganisms  (sputum). 
3.  Characteristic 

3.  Pulmonary  gangrene. 

organisms. 

4.  Pulmonary  gangrene 

4.  Characteristic 
organisms. 

5.  Characteristic 

5.  Subphrenic  abscess. 

organisms. 

6.  Noma. 

17.   Mnsser  <&  Gwyn, 

Bronchopneumonia. 

Characteristic 
organisms. 

Negative. 

Negative. 

18.   MnsBer.  Owyn, 

Cerebral  abscess. 

Characteristic 

Negative. 

Negative. 

and  Pearce, 

organisms. 

DISCUSSION. 

Db.  Flexkeb  :  I  would  remind  the  society  of  a  case  of  streptothrix  infec- 
tion of  a  human  being,  perhaps  the  first  reported  in  this  country,  which  I 
had  the  pleasure  of  describing  to  this  society  a  few  years  ago.  That  case 
resembled  tuberculosis,  and  would  have  been  so  regarded  but  for  the  micro- 
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Bcopic  ezaminatioD.  It  was  a  case  of  pneumonia  seen  in  Dr.  Osier's  wards 
at  the  Johns  Hopkins  Hospital,  and  which  came  to  autopsy  while  I  was 
woiking  at  the  hospital.  There  was  extensive  consolidation  of  the  lung  and 
beginning  cavity-formation.  There  was  also  wide-spread  tuberculosis  of  the 
peritoneal  cavity.  The  organism  was  found  on  cover-slip  preparations  and 
belonged  to  the  streptoth rices.  This  case  was  coincident  with  one  published 
in  Germany  and  another  in  Japan,  and  two  other  cases  have  been  reported 
from  Dr.  Prud den's  laboratory. 

Dr.  Gwyn  showed  me  his  specimens,  and  in  one  case  it  was  difficult  to 
determine  what  the  organism  was.  The  brain  lesion  is  interesting,  inasmuch 
as  the  first  of  the  whole  group  described  by  Eppinger  a  few  years  ago  was 
in  a  brain  abscess. 

Dr.  Abbott  :  I  have  also  encountered  one  of  these  organisms,  and,  as  the 
previous  speakers  have  said,  the  conditions  produced  by  it  are  so  like  tuber- 
culosis at  first  glance  that  one  is  excusable  for  mistaking  the  lesion.  The 
animal,  a  rabbit,  presented  a  large  swelling  about  the  angle  of  the  jaw,  with 
a  caseous  condition  of  a  large  part  of  one  lung,  and  I  was  at  first  glance  sure 
it  was  tuberculosis,  but  closer  examination  showed  it  to  be  a  streptothrix 
infection. 
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Recognizing  the  fact  that  certain  bacteria  act  harmfully  on  the 
animal  organism  by  virtue  of  the  chemical  poisons  which  they  elabor- 
ate, the  manner  of  the  formation  of  these  poisons,  their  chemistry  and 
their  toxicologic  effects  become  questions  of  great  interest  to  students 
of  etiology  and  pathology.  It  is  supposable  that  bacteria  elaborate 
these  chemical  poisons  by  a  ferment-like  or  cleavage  action  on  certain 
constituents  of  the  animal  body,  notably  the  proteids,  and  that  among 
the  new  chemical  bodies  thus  formed  the  specific  poisons  are  to  be 
found.  Moreover,  it  has  been  demonstrated  that  some  bacteria,  and 
among  these  certain  pathogenic  organisms,  do  produce  soluble  chem- 
ical ferments.  Diastatic,  inverting,  proteolytic,  steaptic,  and  other 
kinds  of  ferments  have  been  found  to  be  present  among  the  products 
of  the  cellular  activity  of  bacteria.  Peptonizing  organisms  are  fre- 
quently present  in  milk,  and  it  has  been  suggested  that  milk  poisons, 
galactotoxicons,  may  have  their  origin  in  the  processes  of  proteolysis 
induced  by  these  forms  of  bacteria.  The  bacillus  of  Asiatic  cholera 
has  been  shown  to  be  possessed  of  the  power  of  elaborating  both 
amylolytic  and  proteolytic  ferments,  and  at  least  two  investigators 
of  good  repute  have  satisfied  themselves  that  they  have  found  the 
specific  toxin  of  this  organism  among  the  new  bodies  which  result 
from  the  action  of  its  peptonizing  ferment.  The  lactic  acid  bacillus 
splits  up  lactose  with  the  formation  of  acid,  and  there  is  probably 
no  form  of  carbohydrate  found  in  the  higher  plants  which  bacteria 
may  not  digest.  Indeed,  there  is  no  organic  substance,  either  animal 
or  vegetable,  which  is  capable  of  resisting  under  favorable  conditions 
the  destructive,  analytic,  cleavage  action  of  bacteria.  I  mention 
these  general  facts,  so  well-known  to  all,  in  order  to  show  how 
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reasonable  it  is  to  look  for  the  specific  bacterial  toxins  among  the 
()rodncts  of  their  cleavage  action  on  complex  organic  substances. 
As  soon  as  bacteriologists  became  convinced  that  pathogenic  micro- 
organisms induce  disease  and  death  by  the  elaboration  of  chemical 
poisons,  they  began  most  energetically  and  enthusiastically  to  search 
for  the  specific  toxins  among  the  cleavage  products  resulting  from 
bacterial  activity.  All  the  known  toxicogenic  germs  have  been 
grown  in  liquid  culture  media,  and  the  chemical  poisons  have  been 
sought  for  in  the  germ-free  filtrates  from  porcelain  filters  and  in 
cultures  in  which  the  living  germ  has  been  destroyed  in  some  way. 
The  results  of  these  labors  have  by  no  means  been  in  vain.  They 
have  given  us  much  valuable  knowledge  concerning  bacterial  poisons. 
In  many  instances  they  have  given  us  the  crude  toxins,  and  with 
these  much  information  of  value  has  been  secured.  Chemical 
immunity  has  been  studied  and  antitoxins  have  been  prepared  and 
utilized  with  great  credit  to  our  profession  and  with  greater  benefit 
to  mankind.  But  notwithstanding  the  value  of  the  results  obtained 
by  researches  guided  by  the  theory  that  the  specific  bacterial  toxins 
originate  in  their  cleavage  action,  the  theory  is  probably  erroneous. 

The  following  statement  probably  represents  fairly  well  the 
opinion  held  by  some  bacteriologists  concerning  the  formation  of 
the  specific  bacterial  toxius.  At  least  they  formulate  the  views 
held  by  the  writer. 

Histologically  the  bacterial  cell  consists  of  a  cell  membrane  with 
protoplasmic  contents.  The  membrane  in  many  bacteria  at  least  is 
of  proteid  composition.  No  one,  so  far  as  I  know,  possesses  suffi- 
cient data  to  enable  him  to  specify  exactly  the  nature  of  the  proteid 
of  which  the  cell  wall  is  composed,  but  that  it  is  of  a  proteid  char- 
acter and  does  not  consist  of  cellulose,  or  any  form  of  carbohydrate, 
I  am  quite  certain.  This  view  does  not  exclude  the  possibility  of 
the  cell  membrane  in  some  bacteria  being  composed  of  a  glycoproteid 
and  yielding  a  carbohydrate  on  being  decomposed  with  acids  or 
alkalies.  Physically,  possibly  chemically  also,  the  cell  membrane 
differs  widely  in  different  species,  and  possibly  to  a  less  marked 
extent  in  the  s^me  germ  under  different  conditions  of  growth.  In 
some  bacteria  the  membrane  is  easily  permeable  both  by  its  contents 
and  by  certain  constituents  of  the  medium  in  which  the  organism 
may  be  placed. 
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The  specific  toxin  is  formed  within  the  cell  and  does  not  have  its 
origin  in  the  cleavage  action  of  the  cell  directly  or  indirectly  by 
similar  action  of  a  soluble  ferment  produced  by  the  cell.  The  forma- 
tion of  the  toxin  is  a  synthetic  and  not  an  analytic  process.  The 
trath  of  this  seems  to  be  demonstrated  by  the  fact  that  many  of  (he 
pathogenic  bacteria^  and  among  these  some  of  the  most  highly 
toxicogenic  varieties,  do  multiply  and  elaborate  their  specific  poisons 
in  culture  media,  which  contain  only  inorganic  substances  with  small 
amounts  of  certain  organic  compounds  of  relatively  simple  const itu- 
tioo,  such  as  Uschinky's  fluid. 

The  formation  of  toxin  is  not  one  of  the  constant,  essential,  and 
invariable  life-processes  of  the  bacterial  cell.  In  other  words,  the 
organism  may  grow  and  multiply  abundantly  without  producing  a 
Bpecific  toxin,  and  under  certain  untoward  or  unfavorable  conditions 
the  most  highly  virulent  bacteria  may  vegetate  luxuriantly  without 
elaborating  a  toxin.  The  conditions  which  favor  the  production  of 
toxins  are  known  in  cases  of  several  bacteria.  Some  of  these  are 
temperature,  oxygen  supply,  reaction  of  medium,  etc. 

From  this  line  of  reasoning  I  conclude  that  the  toxin  is  formed 
within  the  bacterial  cell,  but  does  not  by  any  means  constitute  the 
sole  constituent  of  the  cell  plasma. 

With  this  theory  formulated  I  have  tried  to  study  the  toxins  by 
obtaining  a  large  amount  of  cell  substance  and  endeavoring  to  extract 
the  toxin  from  the  cells.  In  this  attempt  I  have  met  with  many 
difificulties,  some  of  which  I  have  partially  at  least  overcome,  while 
others  remain  to  be  solved. 

Naturally  the  first  thing  to  be  done  is  to  obtain  a  large  amount  of 
cell  substances  practically  free  from  the  constituents  of  the  medium  on 
which  or  in  which  the  germ  is  grown.  As  a  medium,  agar  is  well  suited 
for  this  purpose.  The  bacterial  growth  can  be  washed  or  scraped  from 
the  surface  of  the  agar  quite  free  from  the  medium.  The  next  thing 
to  be  done  is  to  obtain  large  surfaces  of  agar.  The  best  means  at 
my  command  for  this  purpose  when  I  began  the  work  was  the 
Roux  fia«k,  and  by  inoculating  one  hundred  of  these  with  the  colon 
bacillus,  allowing  to  grow  from  ten  to  fourteen  days  in  the  incubator, 
or  from  three  to  four  weeks  at  room-temperature,  and  then  washing 
off  the  growth  with  alcohol,  I  obtained  a  somewhat  bulky  and 
promising  volume  of  germ  substance;  but  when  this  was  thoroughly 
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wasbed  with  alcohol  and  etlier,  dried  at  100°  aad  weighed  I  fouod 
that  the  tolal  yield  was,  under  ihe  most  favorable  cooditions,  not 
more  ihan  three  gramt'.     It  ia  true  that  I  have  frequeotly  found 


that  the  powder  thus  oblaiued  kills  guinea-pigs  of  two  huodred 
grams  weight  in  quantities  of  a  fractioa  of  a  milligram,  and  with 
this  crude  toxio  I  have  made  some  inlerestiag  observations;  but  in 
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order  to  study  the  chemistry  of  the  toxin  it  was  evident  that  I  must 
secure  the  germ  substance  in  larger  quantity.  Next  I  tried  growing 
the  colon  bacillus  in  the  ordinary  moist  chambers^  used  as  Petri 
dishes^  but  with  the  greatest  care  many  of  these  became  contami- 
nated. Finally,  I  devised  for  the  growth  of  the  germ  on  a  large 
surface  I  he  following  apparatus  :  A  copper  tank  ten  feet  long,  two 
feet  wide,  and  four  inches  deep,  with  a  trough  around  the  edge  one 
inch  deep,  is  covered  by  a  top  of  the  same  material.  This  tank  is 
supported  by  an  iron  frame  with  legs  ten  inches  high  and  the  whole 
is  placed  on  a  table  covered  with  galvanized  iron.  A  tank  two 
inches  shorter  and  two  inches  narrower  also  provided  with  a  trough 
around  the  edges  and  a  cover  sets  in  the  larger  one,  and  is  sup- 
ported two  inches  from  the  bottom  of  the  larger  one  by  iron  bars 
extending  from  side  to  side.  The  bottom  of  the  outer  trough  is 
filled  with  water,  and  the  sealed  trough  of  the  outer  tank  is  also 
filled  with  water.  The  sealed  trough  of  the  inner  tank  is  filled  with 
glycerin.  Both  lids  are  raised  and  let  down  by  wire  ropes  passing 
through  pulleys  fastened  in  the  ceiling.  It  is  necessary  that  the 
tanks  should  be  set  perfectly  level.  Twenty  liters  of  2  per  cent. 
agar  is  placed  in  the  inner  tank  ;  both  lids  are  lowered,  and  with 
burners  at  full  blast  underneath  the  apparatus  is  a  sterilizer.  After 
repeated  sterilization  the  upper  lid  is  raised,  and  the  agar  inoculated 
by  pouring  through  tubular  openings  in  the  top  a  liter  of  beef-tea 
culture  of  the  germ.  These  openings  are  then  sealed  with  wax  and 
the  outer  lid  lowered.  Now,  with  gentle  heat  underneath  the 
apparatus  is  an  incubator. 

With  due  care  there  is  no  contamination,  and  forty  or  more 
grams  of  dried  pulverized  germ  substance  can  be  obtained  from 
each  culture  secured  in  this  way. 

So  far  my  work  has  been  chiefly  confined  to  a  study  of  the  colon 
bacillus.  The  first  experiments  were  made  in  1897  with  a  colon 
germ  obtained  from  cheese.  Next  I  used  cultures  secured  by  a 
bacteriologic  examination  of  a  drinking  water  which  was  supposed 
to  have  caused  several  cases  of  typhoid  fever,  and,  lastly,  I  have 
employed  cultures  obtained  from  normal  feces.  There  are  no  recog- 
nizable differences  in  these  cultures.  In  all  the  germ  is  a  typical 
colon  bacillus.  It  is  non-motile,  coagulates  milk,  reddens  litmus, 
and  responds  to  the  indol  reaction  in  beef-tea  peptone  cultures  from 
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two  to  five  days  old.     As  a  prelimioary  step  the  viralence  of  the 
culture  is  increased  by  passing  the  germ  through  animals. 

The  results  of  my  work  with  the  cell  substances  of  the  colon 
bacillus  may  be  stated  as  follows  : 

1.  The  toxin  is  contained  within  the  cell  from  which  it  does 
not,  at  least  under  ordinary  conditions,  diffuse  into  the  culture 
medium. 

This  is  shown  by  the  following  experiment :  A  beef-tea  culture 
which  had  been  grown  for  twenty-one  days  in  the  incubator  was 
filtered  through  porcelain.  Eight  c.c.  of  the  clear,  sterile  filtrate 
was  iojected  intra-abdomioally  into  a  guinea-pig,  weight  435  grams. 
The  animal  was  restless  for  some  time  immediately  after  the  injec- 
tioo,  probably  due  to  the  volume  of  fiuid  used,  but  gave  no  other 
evidence  of  any  effect  of  the  injection. 

As  a  control  to  this  experiment,  0.25  c.c.  of  the  same  culture, 
unfiltered,  injected  into  a  guiuca-pig  of  equal  weight  killed  the 
animal  within  twelve  hours. 

It  might  be  argued  that  these  experiments  do  not  show  that  the 
colon  toxin  is  not  insoluble  in  the  beef-tea,  but  that  the  toxin, 
although  insoluble,  will  not  pass  through  a  porcelain  filter.  This  is 
shown  not  to  be  the  case  by  the  following  experiment  :  An 
unweighed  portion  of  dried  bacterial  cell  substance  was  suspended 
in  water,  heated  in  the  autoclave  to  154°  under  two  kilos  of  pressure, 
and  filtered  through  porcelain.  Four  c.c.  of  the  clear  filtrate  thus 
obtained  was  injected  into  the  abdominal  cavity  of  a  guinea-pig.  In 
thirty -six  hours  this  animal  died,  and  the  postmortem  findings  were 
those  usually  observed  after  death  from  the  crude  toxin.  This 
shows  that  the  toxin  of  the  colon  bacillus,  after  being  removed  from 
the  bacterial  cell  by  superheated  water,  may  be  filtered  through 
porcelain. 

2.  The  toxin  is  not  extracted  from  the  cell  by  alcohol  or  ether. 

I  have  repeatedly  extracted  the  bacterial  cells  with  both  of  these 
reagents  at  different  temperatures,  evaporated  the  extracts  thus 
obtained,  in  vacuo,  dissolved  the  residue  in  water,  and  injected 
these  aqueous  solutions  into  animals.  No  effect  has  followed  this 
treatment.  Tliat  extraction  of  the  cell  substance  with  alcohol  or 
ether  has  no  destructive  action  on  the  toxin  is  shown  by  the  fact 
that  the  cell  substance  thus  extracted  does  not  lose  any  of  its  tox- 
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icitj.  Furthermore,  it  may  be  stated  that  these  reagents  even  after 
prolonged  boiling  do  not  induce  any  visible  alteration  in  the  form 
or  tinctorial  properties  of  the  germ.  Traces  of  fat  and  coloring- 
matter  are  apparently  the  only  substances  extracted  from  the  cells 
of  this  germ  by  alcohol  or  ether,  and  it  is  probable  that  all  the  color- 
ing-matter and  the  greater  part  of  the  fat  thus  extracted  come  from 
the  presence  of  traces  of  the  agar  on  which  the  bacillus  has  been 
grown. 

3.  Very  dilute  alkalies  do  not  extract  the  toxin  from  the  unbroken 
cells. 

This  is  shown  by  the  following  :  One  hundred  mg.  of  germ  sub- 
stance, dried  but  not  pulverized,  was  boiled  in  an  open  test-tube  for 
five  minutes.  The  germ  substance  was  then  separated  from  the 
supernatant  fluid  in  a  centrifuge,  and  was  found  to  be  still  highly 
toxic,  while  the  fluid  was  inert.  However,  after  the  dried  cells 
have  been  finely  ground  by  prolonged  attrition  in  an  agate  mortar 
the  toxin  is,  in  part  at  least,  soluble  in  weak  alkalies. 

4.  The  unbroken  germs  may  be  heated  to  a  high  temperature 
with  water  without  destruction  of  the  toxin. 

Two  hundred  mg.  of  the  germ  substance  was  placed  with  10  c.c. 
of  water  in  a  tube,  which  was  then  sealed  and  heated  at  184°  for 
thirty  minutes.  On  opening  the  tube  the  milky  content  was  found 
ou  microscopic  examination  to  contain  granular  debris  with  a  few 
unbroken  cells.  Portions  of  this  heated  substance  injected  into 
guinea-pigs  caused  death,  and  autopsy  revealed  the  same  lesions 
that  are  usually  found  in  these  auimals  after  death  from  the  colon 
toxin. 

Another  portion  of  the  content  of  this  heated  tube  was  placed  in 
a  centrifuge  and  separated  into  a  deposit  and  a  supernatant  milky 
fluid.  Guinea-pigs  were  injected,  some  with  the  deposit  and  others 
with  the  fluid  ;  both  sets  died.  This  shows  that  superheated  water 
breaks  up  the  cell  wall. 

6.  Boiling  with  a  0.2  per  cent,  aqueous  solution  of  hydrochloric 
acid  has  but  little,  if  any,  effect  upon  the  germ  cell  or  its  contained 
toxin. 

One  hundred  milligrams  of  the  germ  substance  was  boiled  in  an 
open  test-tube  with  10  c.c.  of  a  0.2  per  cent,  solution  of  hydrochloric 
acid.     This  induced  no  visible   alteration  of  the  bacterial  cells  as 
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seen  through  the  microscope,  and  the  injection  of  the  germ  sub- 
stance thus  treated,  after  neutralization,  caused  death  in  animals  in 
the  usual  time  and  with  the  usual  postmortem  findings. 

6.  Heating  the  germ  substance  for  an  hour  at  the  temperature  of 
the  water-bath  with  water  containing  from  1  to  5  per  cent  of 
hydrochloric  acid  breaks  up  the  cell  wall  and  lessens  but  does  not 
destroy  the  toxicity  of  the  cell  content.  Prolonged  heating  may 
render  the  toxin  inert. 

Five  hundred  milligrams  of  germ  substance  was  heated  on  the 
water-bath  for  one  hour  with  500  c.e.  of  a  6  per  cent,  solution  of 
hydrochloric  acid.  I  then  decanted  through  a  filter.  The  filtrate 
was  clear  and  colorless,  and  gave  no  precipitate  when  dropped  into 
absolute  alcohol,  but  that  the  acid  had  dissolved  some  part  of  the 
substance  is  shown  by  the  fact  that  the  filtrate  gave  the  biuret  test. 

The  portion  undissolved  by  the  acid  was  dissolved  in  100  c.c.  of 
a  dilute  solution  of  sodium  bicarbonate,  and  this  was  injected  in 
guinea-pigs  as  follows  : 

No.  1 Weight  275  grams.  Received  10  c.c. 

•'2 "       255       "  "  9    ** 

"3 "        267       "  '•  8    ** 

II       J                                                             ti         250        "  "  7     " 

"5 *•  805  "  ••  6  •* 

"6 "  285  *•  "  5  *' 

"7 •«  300  "  '*  4  " 

"8 "  815  ••  ••  3  " 

•'9 '»  290  •'  ••  2  ** 

"10 "  250  •*  "  1  •• 

These  injections  were  made  at  6  p.m.,  February  5th.  Nos.  1, 
2,  5,  6,  7,  8,  and  10  were  found  dead  at  7  a.m.,  February  6th  ; 
No.  4,  on  the  morning  of  February  8th  ;  No.  3,  on  the  morning  of 
February  9th,  and  No.  9,  on  the  morning  of  February  11th. 

7.  The  toxin  separated  from  the  cell  wall  by  digestion  of  the 
latter  with  hydrochloric  acid  and  pepsin  is  markedly  active. 

I  removed  the  germ  growth  from  fifty  Roux  flasks,  and  extracted 
it  with  96  per  cent,  alcohol  at  ordinary  temperature  as  long  as  the 
alcohol  took  up  coloring-matter.  The  germ  substance  was  then 
collected  upon  a  filter  and  the  alcohol  allowed  to  drain  away  ;  then 
the  mass  of  germs  was  placed  in  a  beaker  and  1000  c.c.  of  0.2  per 
cent,  solution  of  hydrochloric  acid  and  0.5  gram  of  active  pepsin 
lidded.     The  beaker  with  contents  was  allowed  to  stand  for  four 
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days  in  the  incubator^  the  mixture  being  occasionally  stirred.  The 
undigested  portion  is  found  by  microscopic  examination  to  be 
amorphous^  but  still  easily  stained  with  methylene-blue.  This  was 
collected  on  a  filter,  washed  thoroughly  with  96  per  cent,  alcohol, 
dried  to  a  constant  weight  at  100^,  and  pulverized.  One  hundred 
milligrams  of  this  powder  were  shaken  with  50  c.c.  of  water,  with 
which  it  formed  a  colloidal  body  of  acid  reaction.  On  adding 
enough  bicarbonate  to  render  the  mixture  feebly  alkaline,  the  sub* 
stance  dissolved  to  an  opalescent  fluid.  This  was  sterilized  by 
boiling  over  the  naked  flame  and  was  injected  into  guinea-pigs: 


No.   1 

• 

Weight  407  grams. 

Received  16  mg.  of  toxin. 

••     2 

892     '• 

II         12    " 

"     8 

820      •• 

II         10    " 

"     4 

455      " 

8    "        " 

••     5 

417      *• 

6    •• 

"      6 

"       470      •• 

II               4      a          u 

"     7 

442      " 

II           2    "        •* 

•«     8 

••       412      " 

U                     1        II               II 

••     9 

..        432      .« 

1    •• 

••   10 

"        480      •• 

1.           2    "        " 

Nos.  1,  2,  and  3  died  within  six  hours;  Nos.  4,  5,  6,  7,  and  10 
within  twelve  hours,  and  Nos.  8  and  9  within  twenty-four  hours. 
ODe-fifth  of  a  milligram  of  this  toxin  kills  guinea-pigs  of  two  hun- 
dred grams  and  less  weight. 

After  death  from  this  toxin  there  is  usually,  not  always,  consid- 
erable (from  2  to  10  C.C.)  of  serum  in  the  peritoneal  cavity.  This 
is  sterile  if  removed  before  postmortem  infection  takes  place,  and 
it  has  absolutely  no  germicidal  action  on  the  colon  bacillus,  as  the 
following  extract  from  my  protocol-book  shows  : 

'*  Every  tube  of  exudate  taken  from  the  above-mentioned  pigs 
proved  to  be  sterile.  This  was  shown  by  making  beef-tea  inocula- 
tions from  each  tube,  all  of  which  remained  free  from  growth.  I 
then  tried  the  germicidal  action  of  these  exudates  on  the  colon 
bacillus.  A  loop  of  a  beef-tea  culture  of  this  germ  was  placed  in  a 
tube  of  beef-tea  and  then  a  loop  of  this  dilution  was  added  to  a 
tube  of  the  serum,  and  plates  made  from  this  at  intervals. 


Time    . 

5  min. 

15  min. 

80  min. 

60  min 

Colonies 

.    10 

25 

28 

100 

''  This  test,  repeated  several  times,  shows  that  the  serum  that 
collects  in  the  abdominal  cavity  after  fatal  poisoning  with  the  toxin 
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of  the  colon  bacillas  has  no  bactericidal  action  on  this  organism^  but 
famishes  a  medium  on  which  it  grows  readily. 

*'  This  serum  is  not  only  without  germicidal  effect  on  the  colon 
bacillus^  but  it  fails  to  agglutinate  this  organism/' 

The  amount  of  toxin  present  in  the  germ  substance  obtained  in 
different  harvests,  even  when  the  beds  of  agar  have  been  planted 
with  the  same  culture,  seems  to  be  very  variable.  Whether  this  is 
due  to  slight  and  unrecognized  variations  in  the  process  of  securing 
the  dried  germ  substance,  or  to  the  development  of  more  toxin  in 
one  growth  than  in  another,  I  am  not  prepared  to  say  with  cer- 
tainty, although  I  am  inclined  to  the  latter  opinion.  It  is  probable 
that  slight  variations  in  the  reactions  of  the  nutritive  medium  or  in 
the  temperature  at  which  the  growth  is  developed  inflaeuce  the 
amount  of  toxin  formed.  However,  there  is  a  much  more  interest- 
ing observation  met  with  in  my  studies.  With  the  same  toxin 
individual  animals  show  wide  ranges  of  susceptibility,  as  will  be 
shown  by  the  following  extract  from  the  protocol. 

The  following  injections  were  made  at  5  p.m.,  March  26th  : 


No.  of  pig 

Weight. 

Mg.  qf  toxin  used. 

Result. 

1    . 

.    542 

5 

Died  at  9  a.  m.  March  26. 

2    . 

.    660 

4 

Died  at  9  p.  m.  March  25. 

3    . 

.    785 

3 

Died  at  11.30  a.  m.  March  26 

4    . 

.    712 

2 

Found  dead  April  1. 

5    . 

.    645 

10 

Died  April  15. 

6    . 

.    520 

2 

Died  at  12  p.  m.  March  25. 

7    . 

.    510 

1 

Found  dead  April  9. 

8     . 

.    225 

0.5 

Died  at  11  p.  m.  March  26. 

9    . 

.    287 

0.75 

Remained  well. 

10    . 

.    377 

0.3 

it            It 

It  may  be  observed  that  Nos.  4,  5,  and  7  did  not  die  from  the 
primary  effects  of  the  poison,  and  that  No.  5  received  more  than 
three  times  as  much  toxin  as  did  No.  3,  which  was  a  larger  animal^ 
and  twenty  times  the  amount  that  killed  No.  8. 

The  following  injections  were  made  at  3.45,  March  26th: 


No.  of  pig 

Weight. 

Mg.  of  toxin  twed. 

BesuU. 

1    . 

.    540 

20 

Found  dead  at  7  a.  m.  March  27. 

2    . 

.    607 

16 

Died  at  11.30  p.  M.  March  26. 

3    . 

.    557 

12 

Died  at  8.50  p.  M.  March  26. 

4    . 

.    672 

10 

Died  at  8.00  a.  m.  March  27. 

5    . 

.    482 

10 

Died  at  12.00  m.  March  26. 

6    . 

.     675 

4 

still  lives. 

7    . 

.    565 

3 

Died  at  12.00  m.  March  26. 

8    . 

.    577 

3 

Found  dead  at  7.00  a.  m.  March  2. 

9    . 

.        .    715 

2 

Found  dead  at  7.00  a.  m.  March  27. 

10    . 

.    572 

2 

Died  at  1.00  a.  m.  March  27. 

No.  qfpiff 

Weight. 

Mg.qftc 

1    . 

.    422 

4 

2    . 

.    467 

6 

8    . 

.    467 

8 

4    . 

.    385 

2 

5    . 

.    432 

4 

6    . 

.    437 

4 

7    . 

.    507 

2 

8    . 

.    495 

4 

9    . 

.    392 

1 

10    . 

.    612 

10 
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It  may  be  seeu  that  the  only  animal  in  this  set  that  survived 
received  twice  as  much  as  two  of  those  that  died. 

The  following  injections  were  made  at  4  p.m.,  March  27th  : 

^  UKd.  EeauH. 

Found  dead  at  7.00  a.  m.  March  28. 

il  C(  t<  <•  l(  l< 

U  It  II  it  II  II 

Died  at  11.00  a.  m.  March  29. 
Found  dead  at  7.00  a.  m.  March  25. 
Died  at  7.30  a.  m.  March  25. 
Found  dead  at  7.00  a.  m.  March  25. 
Still  lives. 

Died  at  11.00  a.  m.  March  29. 
Died  at  10.80  a.  m.  March  28. 

The  only  animal  in  this  lot  that  survived  had  four  times  the 
quantity  of  toxin  received  by  No.  9,  and  twice  as  much  as  Nos. 
4  and  7. 

The  effect  of  intra-abdominal  and  subcutaneous  injections  are 
practically  the  same,  both  in  the  amount  necessary  to  kill  and  the 
pathologic  changes  found  after  death.  There  is  but  little  or  no 
local  effect  observed  after  subcutaneous  injection,  provided,  of 
course,  that  a  solution  of  neutral  or  feebly  alkaline  solution  is  used. 
It  should  be  remembered  that  I  have  shown  that  the  cell  plasma  of 
the  colon  bacillus  is  decidedly  acid  in  reaction.  Sometimes  there  is 
marked  congestion  of  the  subcutaneous  bloodvessels,  but  this  is  as 
likely  to  occur  after  an  intra-abdominal  as  after  a  subcutaneous 
injection.  The  bloodvessels  of  the  mesentery  are  invariably  con- 
gested. The  degree  of  congestion  varies  in  a  general  way  with  the 
size  of  the  dose,  and  when  this  has  been  large  there  may  be  marked 
hemorrhages  from  these  vessels.  In  most  instances  there  is  an 
exudate  in  the  peritoneal  cavity.  This  may  consist  of  whole  blood 
or  of  serum  more  or  less  colored  with  hemoglobin.  The  omentum 
is  often  much  congested.  In  some  instances  there  may  be  a  gelatin- 
ous exudate  formed  over  the  coiled  mass  of  the  small  intestine. 
The  animals  are  usually  quite  hyperemic.  The  heart  is  in  diastole, 
and  generally  filled  with  fluid  blood. 

When  large  doses  are  given  to  guinea-pigs  either  intra-abdominally 
or  subcutaneously  the  temperature  of  the  animal  after  two  or  more 
hours  falls,  and  may  go  as  low  as  30^. 

Immunity  to  both  the  toxin  and  the  living  germ  can  be  secured 
by  continuously  increasing  the  dose  of  the  toxin  administered,  but 
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great  oare  is  required^  and  in  all  my  experiments  in  this  direction 
the  majority  of  the  animals  have  died  while  undergoing  the  immu- 
nizing process. 

There  are  many  interesting  problems  in  connection  with  this  toxin 
which  I  do  not  yet  feel  able  to  discuss.  If  the  toxin  be  confined 
within  the  cell  wall^  how  is  it  set  free  when  the  whole  germ^  either 
living  or  dead,  is  introduced  into  an  animal  ?  If  this  is  accom- 
plished by  phagocytic  action,  do  the  phagocytes  destroy  the  toxin 
when  they  kill  the  germ  ?  What  is  the  chemistry  of  this  toxin  ? 
Is  it  a  definite  compound,  or  is  it  composed  of  the  many  substances 
mentioned  by  Ehrlich  in  his  theory  concerning  the  constitution  of 
toxins  ?  Does  the  bacterial  cell  contain  both  a  toxin  and  an  immu- 
nizing body,  or  may  this  toxin  be  changed  into  an  immunizing 
substance  either  by  artificial  means  or  within  the  animal  body  ? 
These  and  other  similar  questions  await  further  study.  Although 
I  have  pushed  my  investigations  along  the  lines  here  suggested 
further  than  is  indicated  in  this  paper,  I  do  not  feel  that  the 
knowledge  obtained  up  to  the  present  time  is  sufficiently  accurate 
to  satisfy  myself  or  others,  and  I  prefer  not  to  indulge  in  theories. 
However,  the  fact  that  at  least  one  of  the  bacterial  toxins  is  a 
remarkably  stable  body,  and  can  be  obtained  in  the  dry  state  and 
permanent  form,  justifies  us  in  taking  a  somewhat  more  optimistic 
view  concerning  the  probability  of  ascertaining  the  chemical  com- 
position of  these  bodies  than  that  recently  expressed  by  Brieger  and 
Accepted  by  Ehrlich, 
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By  a.  JACOBI,  M.D..  LL.D., 

OF  NIW  YORK. 


Mabia  C.  ,  aged  seven  years,  born  in  the  United  States,  of  Italian  parent- 
age, was  admitted  to  the  Jacobi  Ward  of  the  Roosevelt  Hospital,  New  York, 
October  29,  1900.  The  family  history  was  negative;  the  personal  history, 
according  to  the  rather  unintelligent  parents,  was  good  until  present  illness. 
The  child  was  taken  ill  a  month  previous  to  admission ;  she  felt  languid,  rather 
feverish,  had  no  appetite,  lost  flesh,  had  some  pain  about  right  chest,  and 
coughed  occasionally ;  the  temperature  on  admission  was  102°  F. ;  there  was 
marked  dulness  over  the  right  lung,  lower  lobe,  up  to  the  fourth  or  fifth 
rib ;  there  was  flatness  over  the  base ;  the  voice  and  breathing  approached 
the  bronchial  near  the  apex,  and  were  absent  over  the  base ;  the  respiration 
waa  40 ;  the  pulse,  140 ;  the  appetite  was  good ;  sleep  was  fair. 

Puncture  on  November  Ist  yielded  pus. 

Operation  under  chloroform  November  2d.  Five  centimeters  of  the  sixth 
rib,  in  front  of  and  below  the  angle  of  the  scapula,  were  removed.  White  and 
inoffensive  pus  flowed  out  readily  to  the  amount  of  perhaps  500  c.cm.,  not 
mixed  with  blood.  Thiersch's  solution  was  injected;  it  returned  with  a 
little  more  pus,  which  was  slightly  colored  with  blood.  All  at  once  a  large 
quantity  of  blood  was  discharged,  which,  when  the  irrigation  was  stopped, 
proved  to  be  undiluted  blood.  It  was  clear  it  could  not  come  from  the  inter- 
costal artery,  which  was  not  touched.  Full  irrigation  was  again  resorted  to 
for  a  few  seconds ;  the  light  being  good,  and  the  opening  large,  the  blood 
was  seen  oozing  in  quantities  from  tufts  disseminated  over  the  pulmonary 
pleura,  the  costal  not  being  within  view.  These  tufts  could  easily  be  dis- 
tinguished with  the  fingers,  extended  over  a  large  surface,  and  were  quite 
numerous,  large  and  small,  some  being  nearly  a  centimeter  in  diameter,  others 
apparently  not  over  the  size  of  a  pinhead.  Altogether  at  least  250  ccm. 
of  blood  were  thus  lost.  The  lung  not  expanding  readily,  the  cavity  was 
immediately  filled  with  large  quantities  of  sterile  gauze,  which  was  allowed 
to  remain  in  place  for  two  days.  When  it  was  removed  some  little  fresh 
blood  was  seen  to  ooze  from  a  few  large  granulations.  Gauze  in  somewhat 
smaller  quantities  was  introduced ;  it  was  removed  after  two  more  days,  when 
no  blood  was  found,  with  the  exception  of  a  few  small  clots  swimming  in 
pus.    The  cavity,  which  diminished  in  size,  was  again  filled  with  gauze  for 
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some  days,  until  a  drainage-tube  could  be  safely  inserted.  At  that  time  the 
pleural  surface  was  no  longer  red,  the  granulations  had  shrunk  so  that  the 
thickened  membrane  exhibited  only  some  flat  and  occasionally  rough  eleva- 
tions of  a  grayish-yellow  color.  A  careful  search  for  a  malignant  tumor  had 
no  results,  nor  was  there  a  suspicion  of  tuberculosis^  or  of  maceration  and 
corrosion  of  the  surface ;  and  there  was  certainly  no  adhesion  between  the 
two  pleurae,  the  tearing  of  which  could  have  given  rise  to  some  of  the  hemor- 
rhage which  took  place. 

Within  a  few  days  the  temperature  became  normal  and  remained  so  with 
a  few  interruptions.  The  child's  weight  on  October  29th  was  thirty-nine 
pounds  seven  ounces ;  on  November  7th,  thirty-eight  pounds — the  difference 
was  apparently  due  to  the  pus  and  blood  lost  on  November  2d;  on  the  14th, 
thirty-nine  pounds  ten  ounces ;  29th,  forty-one  pounds  four  ounces ;  January 
9th,  1901,  forty-seven  pounds  twelve  ounces.  A  few  days  after  she  was  dis- 
charged, the  recovery  being  retarded  by  the  slowness  of  the  expansion  of  the 
lung,  held  down  as  it  was  by  the  thickened  pleura. 

Hemorrhages  into  the  pleura  may  take  place  from  rapture  of  an 
aneurysm,  ulceration  of  the  aorta,  bleeding  from  the  venae  cavfe,  caries 
of  the  rib,  penetrating  wounds  or  contusions  of  the  lungs,  or  throm- 
bosis. F.  W.  Zahn,  Geneva,  described  ( Virchow'a  Archiv,  1885» 
vol.  yii.  p.  345)  a  case  of  bilateral  hemorrhagic  pleurisy  following 
the  thrombosis  of  the  vena  azygos.  It  was  observed  in  an  alcoholic 
coachman  of  thirty-two  years  and  followed  extensive  trauma  and 
inflammation  of  the  inguinal  region.  In  this  case  the  pleurisy 
appears  to  have  followed  the  hemorrhage. 

Other  causes  are  primary  or  secondary  malignant  tumors  of  the 
pleura.  Even  in  those  cases  in  which  a  copious  hemorrhage  into  the 
pleura  takes  place,  with  no  suspicion  of  malignancy  or  other  adequate 
causation,  the  final  history  corrected  the  first  impression. 

In  the  Transactions  of  the  Clinical  Society  of  Londoriy  1878, 
vol.  xi.  p.  136,  Dr.  W.  N.  Broadbent  published  a  case  of  very  rapid 
effusion  and  extravasation  into  the  right  pleural  cavity  of  a  man  of 
seventy- six  years.  The  amount  of  blood  was  very  large,  the  whole 
cavity  being  filled.  Two  quarts  of  serum  and  blood  were  removed  by 
paracentesis,  and  the  patient  recovered,  so  that  the  diagnosis  of  a 
malignant  tumor  was  given  up.  But  within  eight  months  dyspnea 
returned  and  symptoms  of  malignancy  made  their  appearance,  and 
within  a  year  he  died. 

1  During  the  dlRcussion  of  this  case  Dr.  Osier  asked  whether  some  tissue  had  been  remoyed 
from  the  tufus  for  examination.  That  was  omitted  on  account  of  the  eztenslye  hemorrhage, 
which  seemed  to  permit  of  no  delaj'. 
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Hemorrhages  may  be  caused  by  sepsis  at  any  age^  mainly  in  the 
newly  bom.     Such  hemorrhages,  however,  are  mostly  petechial. 

In  a  These  of  Lacaz-Duthiers  there  is  a  case,  of  Tardieu's,  of 
pleural  hemorrhage  without  inflammation  which  necessitated  thoraco- 
centesis.    It  occurred  in  a  cachectic  man  with  paralysis  and  cystitis. 

Resembling  the  hematoma  of  the  dura  mater,  a  pleural  hematoma 
is  described  by  Mesnil  and  Netter.  It  is  the  result  either  of  the 
rupture  of  newly  formed  bloodvessels  or  of  diapedesis  (Fraentzel). 
Andral  [Clin.  Med,y  2d  edition,  p.  473)  has  the  case  of  a  man  of 
forty  whose  right  pleural  cavity,  as  far  as  it  was  not  obstructed  by 
adhesions  of  the  upper  lobe  to  the  costal  pleura,  was  filled  with  blood 
which  extravasated  from  the  fibrinous  deposits  of  the  pleura. 

Contrary  to  what  is  observed  in  the  common  form  of  hemorrhagic 
pleurisy,  where  the  blood  amounts  rarely  to  more  than  10  per  cent., 
more  or  less  genuine  hemorrhage  is  observed  in  purpura  hemor- 
rhagica, scurvy,  hemophilia,  pernicious  anemia,  variola,  leukocy- 
themia,  icterus  gravis,  chronic  diffuse  nephritis  or  interstitial  hepatitis. 
Pleural  hemorrhages  in  heart  diseases  are  rarely  copious. 

In  tuberculosis  there  is,  as  a  rule,  hemorrhagic  pleurisy  but  no 
clear  blood.  Still,  Henri  Blumenthal  has  the  case  of  a  woman  of 
sixty  years  who  died  with  her  pleural  cavities  filled  with  blood.  He 
speaks  of  the  presence  of  gray  granulations  which  are  evidently 
tubercles  (These  :  sur  les  hemothorax  non  traumatiqueSy  1868). 

A  case  of  pleural  hemorrhage,  from  Nothnagel's  Clinic,  was  re- 
ported by  J.  P.  Crozer  GriflSth  in  The  Medical  News  of  August  1, 
1885.  It  was  not,  as  had  been  supposed,  the  result  of  a  hemorrhagic 
diathesis  but  of  miliary  pleural  tuberculosis. 

My  case  was  unique  in  my  experience  and  furnished  an  additional 
cause  of  hemorrhage  into  the  pleural  cavity.  Scanning  the  literature 
has  not  added  to  my  knowledge  on  this  special  cause  of  bleeding. 
That  is  why  I  have  asked  a  number  of  active  surgeons  in  regard  to 
it,  and  was  told  they  had  not  seen  its  like.  That  is  also  why  I 
claimed  a  very  few  minutes  of  your  time  to  make  this  communication 
of  a  case  in  which  the  pleural  abscess  behaved  to  an  unusual  degree 
similarly  to  what  may  be  observed  in  abscesses  situated  in  looser 
tissues  elsewhere,  in  which  granulating  tufts  spring  up  from  the 
surface  with,  occasionally,  a  very  moderate  tendency  to  bleed. 
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Josephine  C,  aged  seven  years,  born  in  the  United  States,  of  Italian 
parentage,  was  admitted  to  the  Jacobi  Ward  of  Roosevelt  Hospital,  October 
10, 1900.  Four  years  previously  the  abdomen  began  to  swell,  and  the  child 
lost  flesh  and  looked  out  of  health.  The  diagnosis  of  ascites,  probably  of 
tuberculous  origin,  was  made  by  the  chief  of  my  clinic,  Dr.  F.  Huber.  He 
performed  paracentesis  and  drew  two  quarts  of  a  clear,  slightly  bloody  serum. 
The  swelling  disappeared,  and  the  child  improved  and  appeared  cured. 
After  two  years  the  swelling,  with  fluctuation  over  the  whole  abdominal 
cavity,  returned;  the  child  lost  flesh,  looked  bad,  and  was  again  tapped  by 
Dr.  Huber,  after  which  the  health  of  the  child  improved.  There  was  no 
history  of  cough  or  of  bloody  or  other  expectoration.  In  the  spring  of  1900 
the  abdomen  filled  again,  with  some  impairment  of  the  looks  of  the  child. 
Still  she  was  active  and  had  good  appetite,  sleep,  and  strength.  No  cough, 
expectoration,  or  sweats.  When  she  was  admitted  there  was  an  occasional 
cough ;  there  were  many  but  small  lymph-bodies  palpable  in  the  groins  and 
axillae,  but  there  was  no  change  in  the  respiration  of  either  lung,  but  a  very 
slight  extensive  dulness  in  the  right  axilla  down  to  the  liver.  The  body- 
weight  was  forty-seven  pounds  five  ounces.  The  kidneys  and  urine  were 
negative.  Abdominal  circumference  over  last  rib,  69  cm.  =28^  inches. 
Fluctuation  universal  in  all  directions. 

October  22d,  Three  hundred  c.cms.  of  a  slightly  bloody  serum  were  with- 
drawn. The  opening  of  the  trocar  then  became  obstructed,  I  thought,  by 
intestinal  coils,  and  the  operation  was  interrupted.^ 

SOth.  The  circumference  was  only  twenty-three  inches ;  it  remained  so 
until  the  middle  of  November,  when  it  began  to  increase  again.  Body-weight 
on  November  7th,  forty  pounds  ten  ounces ;  on  the  14th,  forty-one  pounds 
and  eight  ounces.  Neither  the  operation  nor  the  subsequent  absorption 
caused  any  change  of  temperature.  On  November  22d  the  patient  was 
transferred  for  laparotomy  to  the  surgical  service  of  Dr.  Weir. 

The  child  was  operated  upon  by  Dr.  R.  F.  Weir  under  chloroform  anes- 
thesia.   The  incision,  two  inches  and  a  half  in  length,  was  made  in  the 

1  The  fluid  was  examined,  with  negative  result,  for  tubercle  bacilli  only. 
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median  line  and  commenced  from  a  point  about  an  inch  and  a  half  above 
the  ambilicus,  and  was  directed  upward.  A  very  thin-walled  multilocular 
cyst  presented  itself,  which,  when  drawn  out  of  the  abdominal  cavity,  con- 
tained about  two  quarts  of  straw-colpred  fluid  in  its  main  cavity,  and  was 
found  to  be  incorporated  in  and  involved  the  greater  part  of  the  great  omen- 
tum, the  cyst  narrowing  ofi*  into  two  pedicles  as  it  approached  the  stomach. 
These  pedicles  of  the  omentum  were  ligated  and  the  cyst  was  easily  removed. 
The  contents  were  mostly  lost. 

Two  days  after  the  operation  the  temperature  rose  suddenly  to  103.2**  F. , 
and  the  child  began  to  cough.  During  the  next  nine  days  the  temperature 
fluctuated  between  100°  and  104°,  rising  once  to  104.4°  F.  No  observation 
was  recorded  of  the  possible  cause  of  the  cough.  It  does  not  appear  that 
the  temperatures  had  anything  to  do  with  the  wound,  for  recovery  was  com- 
plete. The  abdominal  wound  healed  by  primary  union,  dressings  were 
omitted  on  the  eighteenth  day  after  the  operation,  and  the  patient  was  dis- 
charged, cured,  on  December  30,  1900. 

The  upper  part  of  the  specimen  consists  of  omentum,  which  is  cut  ofl*  in 
two  places.  The  cyst  is  large,  with  a  number  of  recesses  communicating 
with  the  main  cyst  with  mostly  large  openings,  some  of  them  from  three  to 
five  centimeters  in  diameter.  It  is  covered  with  large  and  anastomosing 
bloodvessels  and  lymph -vessels,  running  in  thick  solid  tissue.  Between 
these  masses  of  thicker  tissue  the  wall  of  the  cyst  is  quite  thin  and  trans- 
lucent. The  cyst  wall  consists  of  several  tissues,  unstriped  muscular  fibers, 
fat,  and  fibrous  tissue,  in  layers  of  different  thicknesses,  traversed  by  enlarged 
blood-capillaries  and  lymph-capillaries.  It  has  on  both  sides,  both  exter- 
nally and  internally,  a  lining  of  endothelium,  such  as  lines  bloodvessels  and 
lymph-vessels.  The  gelatinous  contents  are  finely  granulated ;  they  consist 
of  coagulated  serum,  with  multinuclear  and  eosinic  forms  of  leukocytes, 
endothelial  cells,  and  a  few  red  blood-cells.  Staining  with  Weigert's  method 
proves  the  absence  of  fibrin. 

Reference  to  cysts  of  the  omentum  is  not  quite  infrequent,  but 
mostly  indefinite.  Thus,  I.  H.  Fruitnight  says  in  the  American 
Text-book  of  the  Diseases  of  Children^  Philadelphia,  1894,  p.  586 : 
"Cysts  are  met  with  not  infrequently.  They  are  usually  dermoid  in 
nature,  though  simple  serous  cysts  are  encountered.^'  The  American 
Text-book  of  Surgery ^  1892,  p.  743,  has  the  following  only  :  "  Cysts 
between  the  peritoneal  layers  of  the  mesentery,  containing  serum  or 
a  sanguineous  fluid,  have  been  successfully  removed  by  operative  treat- 
ment. Chylous  cysts  have  sometimes  the  size  of  a  head.''  In  his 
discussion  on  acute  sarcoma  of  the  omentum,  Koenig  says  that  be- 
tween the  nodules  and  nodes  ascitic  fluid  may  be  found  in  cysts,  and 
adds  that  in  operations  for  hernia  Richter  and  Dieffenbach  found  an 
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additional  membrane.  Gutting  into  it  they  got  into  a  cavity,  the 
result  of  inflammation,  filled  with  clear  or  bloody  serum,  with  a  por- 
tion of  omentum. 

The  differential  diagnosis  from  an  ovarian  cyst  may  be  easy  in  those 
cases  in  which  the  mesenteric  cyst  is  found  to  be  high  above  the  pel- 
vis, bulging^  and  supplied  with  a  distinctly  perceptible  part  of  the 
mesentery,  which  appears  to  act  as  a  pedicle.  But  these  peculiarities 
are  rare,  and  when  the  walls  are  thin  and  the  size  is  large  a  unilocu- 
lar cyst  may  easily  be  and  has  been  mistaken  for  ascites. 

Dermoid  and  hydatid  cysts  and  tuberculous  tumors  should  be  ex- 
cluded from  our  consideration.  They  form  a  large  part  of  the  litera- 
ture collected  by  Dowd  under  sixty-nine  headings.  With  the  excep- 
tion of  a  few  cases  of  hematoma  and  abscess,  nothing  remains  but 
chylous  and  serous  cysts.  Nearly  all  of  them,  perhaps  all,  are  of 
lymphatic  origin,  and  result  either  from  dilatation  of  lymph-veins  or 
from  a  cystic  degeneration  of  lymph-bodies,  such  as  Rokitansky 
described  at  an  early  time  {Lehrbuch  der  Anatoniie,  p.  677).  Of 
the  first  variety,  Weichselbaum  reported  a  case  (Virchow's  Archive 
xiv.),  and  Sabourin  and  Le  Dentu  another  {Bulletins  de  la  SocietS 
d^Anatomie,  1876,  p.  339).  The  contents  were  chyle.  The  same 
should  be  said  of  the  second  variety,  as  long  as  the  case  is  of  recent 
origin,  as  in  the  cases  of  Werth  (Archiv  fiir  Gyndkologie,  1880)  and 
of  Duerkler  {Bulletins  de  Y AcadSmie  de  MSdecine,  1880).  Werth*s 
case  is  that  of  an  omental  cyst  the  size  of  a  child's  head.  It  was 
described  in  the  Archiv  fiir  Gyndkologie,  1882,  vol.  xix.  p.  321. 
It  rose  from  a  segment  of  the  mesentery  belonging  to  the  small  intes- 
tine. Its  contents  were  rather  thick,  whitish,  and  looked  like  chalk 
suspended  in  water,  and  contained  albuminous  and  fatty  detritus,  but 
no  formed  elements,  particularly  no  epithelia  which  would  permit 
one  to  trace  the  origin  to  a  tissue  with  epithelium.  The  walls  con- 
sisted mainly  of  connective  tissue,  coarse  and  fine,  the  latter  with 
small  spherical  cells  in  the  intestines,  of  pronounced  lymphatic  char- 
acter. This  is  why  the  cyst  must  not  be  taken  for  an  actual  neo- 
plasm, but  is  a  cystoid  degeneration  of  a  lymph-node  which  was  alleged 
by  Rokitansky  as  the  source  of  such  degeneration.  The  latter  can 
best  be  explained  by  a  primary  obliteration  of  vasa  efferentia,  which, 
the  entrance  of  chyle  not  being  impeded,  must  lead  to  retention  and 
dilatation. 
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A  similar  cyst  was  described  by  Eppinger  {Prager  Vierteljahra- 
schrift,  1873).  His  description  tallies  perfectly  with  the  above,  and 
does  not  jastify  his  opinion,  according  to  which  his  specimen  is 
dermoid.  The  latter,  however,  is  sometimes  found,  and  is  mentioned 
by  Klebs  {Handbuch  der  path.  Anat,  vol.  i.  p.  331). 

When  cysts  are  of  longer  duration  their  contents  become  altered, 
greenish,  yellowish.  P6an  quotes  Ducarsel  (Bulletins  de  la  SociStS 
d'Anatomte,  1848),  who  found  in  the  multiple  lymph-body  cyst  of  a  boy 
of  four  years  a  few  recesses  filled  with  chyle,  and  others  with  a  serous 
fluid.  Rokitansky  made  the  same  observation  in  a  man  of  fifty-three. 
In  all  of  these  the  wall  was  thick,  with  the  structure  of  the  lymphatic 
system  and  without  epithelia  in  the  interior.  Thus  it  appears  prob- 
able that  the  serous  cysts  should  be  considered  to  be  chylous  cysts  of 
long  duration.  The  number  of  observations  is  limited.  In  his 
remarks  on  operative  treatment,  P^an  mentions  sixteen  cases  of  serous 
and  fourteen  of  chylous  cysts.  In  that  number  he  is  probably  mis- 
taken. 

All  of  the  three  cystic  tumors  in  P6an*8  personal  observation  ex- 
hibit a  peculiarity  which  seems  to  deny  them  the  diagnosis  of  a  genuine 
mesenteric  cyst.  For  they  were  attached  to  the  posterior  wall  of  the 
abdomen  and  appear  to  have  got  between  the  layers  of  the  omentum 
secondarily  only  during  their  growth  and  the  consecutive  opening  of 
the  omentum.  They  seem  to  be  of  retroperitoneal  origin.  If  that 
is  so,  or,  rather,  as  that  is  so,  his  strenuous  objection  to  extirpation  is 
not  justified,  nor  is  his  preference  for  opening  and  drainage. 

Mr.  Albon  Doran  exhibited  for  Dr.  Bantock  to  the  Obstetrical 
Society  of  London  {Transactions^  1882,  vol.  xxiii.)  a  large  thick- 
walled  single  cyst,  removed  from  a  woman,  fifty-eight  years  old.  Its 
symptoms  always  resembled  those  of  an  ovarian  cyst ;  it  once  rup- 
tured and  filled  again,  and  several  times  it  was  tapped,  dark  serous 
fluid  being  removed.  The  great  omentum  was  normal  from  the 
greater  curvature  of  the  stomach  to  its  usual  adherence  to  the  trans- 
verse colon,  but  could  be  traced  as  a  thickened  and  calcified  sheet  on 
the  top  of  the  cyst,  which  proved  to  be  entirely  within  the  omentum. 
One  fold  of  the  latter  completely  separated  the  tumor  from  the  nor- 
mal pelvic  organs.  The  tumor  was  partly  adherent  to  this  fold  of 
mesentery  and  to  the  transverse  mesocolon. 

Mr.  Doran  also  exhibited  a  Hunterian   specimen  (No.  1109,  Path. 
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Series,  Museum,  R.  G.  S.)  of  a  small  cyst  in  the  folds  of  the  great 
omentum. 

Mr.  N.  Terry  Marsh  and  Mr.  Keith  Monsarrat  publish  (British 
Medical  Journal,  March  2,  1901)  a  case  of  multilocular  cystoma  of 
the  omentum  which  was  removed  from  a  female  child  three  years  and 
five  months  old.  The  tumor  consisted  of  a  large  thin-walled  cyst, 
capable  of  containing  ten  pints,  and  a  number  of  independent  smaller 
cysts  varying  in  capacity  from  eight  ounces  to  one  dram.  In  some 
of  the  smaller  cysts  the  fluid  was  a  clear  serum,  but  in  all  the  larger 
ones  it  was  deeply  tinged  with  blood.  The  walls  of  the  cysts,  and 
particularly  those  of  the  large  one,  had  numerous  anastomosing 
vessels ;  they  were  large  and  thin-walled  in  the  large  cyst,  smaller 
and  firmer,  and  more  firmly  embedded  in  connective  tissue  in  the 
smaller  cysts.  All  of  the  cysts  resembled  each  other  histologically. 
Externally  they  carried  an  endothelial  covering,  internally  a  coat  of 
fine  connective  tissue  containing  numerous  blood-channels. 

The  several  layers  of  the  omentum  were  not  traceable  in  the  cyst 
walls ;  that  circumstance,  the  presence  of  numerous  large  bloodves- 
sels, and  the  early  appearance  of  the  tumefaction  point  to  a  fetal 
inflammatory  process,  for  the  abdomen  was  noticed  to  be  considerably 
enlarged  when  the  child  was  one  year  and  four  months  old.  At  the 
age  of  one  year  and  eight  months  the  abdomen  measured  23^  inches. 
There  were  general  fluctuation  and  dulness.  Five  weeks  after  admis- 
sion the  first  puncture  was  made,  the  second  nine  months  later ;  nine 
months  after  this  the  third ;  two  months  and  a  half  afterward  the 
fourth  and  last.  Soon  afterward  laparotomy  was  performed.  There 
were  two  attachments,  one  in  the  right  iliac  fossa,  the  other  consisted 
of  the  omental  attachment  to  the  greater  curvature  of  the  stomach, 
forming  a  broad  pedicle  for  the  whole  mass.  Recovery  was  com- 
plete. 

In  the  Report  of  the  Proceedings  of  the  Pathological  Society  of 
London^  1851-52,  p.  374,  Dr.  W.  T.  Gairdner  describes  a  cyst 
that  was  '*  found  beneath  the  anterior  layer  of  the  greater  omentum 
in  a  woman.  It  consisted  of  a  highly  transparent  closed  sac,  between 
three  and  four  feet  in  length  and  from  a  half  to  one  and  a  half  inches 
in  breadth,  having  a  lobulated  appearance  externally,  like  that  of  the 
distended  colon,  but  in  no  part  subdivided  by  any  approach  to  com- 
plete septa.     The  sac  was  fed  by  numerous  vessels  running  within 
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the  omentum  and  rarefying  over  it  in  every  part.  The  fluid  in  the 
sac  lYas  a  transparent,  colorless  serum,  containing  numerous  flocculi. 
No  parasite  or  ova  were  discovered.  In  the  same  woman  were  found 
in  the  cellular  tissue  of  both  groins  a  cluster  of  globular  cysts  of  the 
ordinary  type,  similar  cysts  in  the  large  uterine  fibroid,  and  a  globu- 
lar cyst  of  the  size  of  a  bean  in  the  pineal  gland. '^ 

Thornton  (^British  Medical  Journal^  1882,  ii.  p.  1243)  describes 
two  cases  of  small  omental  cysts,  both  of  which  were  found  acci- 
dentally during  operations  on  a  papillomatous  and  a  sarcomatous 
ovary.  One  was  very  small,  multilocular,  at  the  lower  part  of  the 
omentum ;  the  other,  of  the  size  of  a  small  cocoanut,  had  a  thick 
whitish  wall  and  a  puckered  lining.  It  was  attached  to  the  omentum 
by  a  heavy  vascular  pedicle  under  the  edge  of  the  liver. 

Dr.  Gooding  has  a  case  of  omental  cyst  {Lancet^  February  12, 
1887).  It  had  the  size  of  a  fetal  head,  was  without  a  pedicle,  and 
was  embedded  in  the  omental  folds. 

Spencer  Wells  operated  on  a  child  of  four  years  {British  Medical 
<Toumaly  June  14,  1890). 

Dr.  Buckley  {British  Medical  Journal^  May  16,  1885)  has  the 
case  of  a  cyst  with  thick  walls  which  contained  about  a  quart  of  fluid, 
in  which  were  found  cholesterin  and  fat,  beside  ''  compound  granular 
d^bris.^^ 

In  William  Osier's  Lectures  on  the  Diagnosis  of  Abdominal  Tu- 
mors^ Case  L.,  on  page  123,  is  that  of  a  cyst  of  the  mesentery  of  the 
last  twelve  or  eighteen  inches  of  the  ileum ;  before  removal  it  was 
suspected  to  belong  either  to  the  omentum  or  to  the  pancreas.  The 
first  tapping  yielded  a  bloody  fluid.  During  apparently  good  health 
the  cyst  filled  repeatedly,  nor  was  the  health  ever  disturbed  by  or 
after  the  tapping.     In  the  fluid  cholesterin  was  found. 

Altogether  the  number  of  uncomplicated  and  genuine  omental 
cysts  is  small.  Circumspection  and  careful  acumen  had  to  be  called 
in  to  make  the  diagnosis  in  many  cases.  Thus,  W.  Joseph  Hearn, 
while  quoting  a  case  of  Schwartzenberger's,  that  of  a  true  lymph 
cyst  in  a  girl  of  four  years,  reports  the  case  of  a  complex  hydatid 
cyst  of  the  omentum  {Annals  of  Surgeryj  June,  1897).  It  was  ob- 
served in  and  removed  successfully  from  a  boy  of  eight  years,  who 
weighed  before  the  operation  ninety-three  and  one-half  pounds  ;  two 
weeks  after,  forty-nine  pounds.     The  abdomen  was  found  large  at 
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birth,  diminished  in  size  after  six  weeks,  remained  comfortable  six 
years,  and  then  grew  rapidly  until  the  abdomen  had  a  circamference 
of  44  inches,  and  the  distance  from  the  ensiform  process  to  the  pubes 
amounted  to  twenty-five  inches.  Two  aspirations  yielded  a  small 
quantity  of  a  brown  fluid.  Laparotomy  removed  the  whole  hydatid 
mass,  which  was  taken  out  in  compartments  and  was  found  to  have 
its  origin  in  the  folds  of  the  omentum,  below  the  margin  of  the  trans- 
verse colon. 

It  will  always  be  difficult  to  decide  whether  such  hydatids  occur 
primarily  in  the  omentum  or,  as  Schwartzenberger  maintains,  have 
their  primary  seat  in  the  liver. 

A  case  of  Doran's  {Obstetrical  Transactions,  vol.  xxiii.  p.  561) 
and  another  of  Ormsby's  {British  Medical  Journal,  1883,  i.  p.  578) 
originated  in  the  ovaries. 

A  large  intestinal  cyst,  22  cm.  long,  14  broad,  and  10  deep,  was 
observed  by  C.  Hennig  {Oentralblatt  fur  Gynakologie,  1880,  No. 
17,  p.  398).  Delivery  was  instrumental,  very  difficult,  the  child 
dead  (lacerated).  The  sac  contained  still  100  c.cm.  of  a  pretty  clear, 
slightly  red,  and  viscid  fluid,  which  betrays  its  intestinal  origin. 
Weigert  found  cylindrical  epithelia  on  the  wall  and  in  the  fluid  and 
intestinal  follicles  in  the  wall.  In  the  same  child  there  was  a  cyst, 
of  the  size  of  a  plum,  covered  with  cylindrical  epithelium,  on  the 
anterior  wall  of  the  third,  fourth,  and  fifth  cervical  vertebra  (branchial, 
probably). 

Dr.  W.  Howship  Dickinson  describes  {Transactions  of  the  Patho- 
logical Society  of  London,  1871,  vol.  xxii.  p.  296)  a  mesenteric 
tumor  that  occurred  in  a  female  child  of  two  years.  It  was  first 
noticed  when  the  infant  was  between  three  and  four  months  old. 
When  the  child  died  she  weighed  sixteen  pounds.  The  tumor,  to- 
gether with  the  left  kidney  and  a  small  portion  of  small  intestine, 
weighed  two  pounds  five  and  a  half  ounces.  It  nearly  filled  the  left 
half  of  the  cavity ;  in  front  of  it  lay  the  transverse  colon  and  the 
cecum  above,  and  a  coil  of  adherent  small  intestine  below.  It  con- 
sisted in  its  great  bulk  of  ordinary  connective  tissue  studded  with 
true  fat,  in  which  there  was  found  cartilage,  bone,  and  many  cysts, 
in  which  ciliated  epithelium  and  plenty  of  mucoid  masses  were  found. 

This  teratoma  should  not  be  considered  among  the  serous  cysts 
under  consideration. 


CYST    OP    THE    OMENTUM.  289 

In  addition  to  the  serous,  the  dermoid,  and  those  cysts  which  result 
from  cystoid  degeneration  of  lymph-bodies,  Roth  (Virchow*s  Archiv, 
vol.  Ixxxvi.)  describes  an  enterocystoma  which  is  congenital  and  due 
to  the  dilatation  of  the  omphalo-mesenteric  duct  caused  by  oblitera- 
tion. 

Of  cysts  of  the  pancreas,  Oser  collected  134  cases.  They  are 
either  (1)  retention  cysts  (by  inflammation,  or  compression  of  the 
pancreatic  duct,  or  catarrhal  inflammation,  or  concrements  or  neo- 
plasms mainly  in  the  head  of  the  gland),  or  (2)  proliferation  cysts 
depending  on  adenoma,  epithelioma,  or  carcinoma  of  the  tissue,  or 
(3)  apoplectic  (A.  Russow,  Jahrh.f,  Kind,,  vol.  liii.  p.  345). 


DISCUSSION. 

Db.  KiNNictJTT:  An  exceptional  observation  concerning  a  hemorrhagic 
efiTosion  in  the  pleural  cavity  in  the  absence  of  the  causes  Dr.  Jacob!  has  de- 
scribed should  be  accepted  with  some  doubt ;  nevertheless,  it  seems  to  me  such 
a  case  may  be  of  interest.  During  the  past  winter  a  patient  was  admitted 
into  my  service  in  the  Presbyterian  Hospital  suffering  with  acute  lobar  pneu- 
monia, and  two  days  after  defervescence  there  were  signs  of  effusion  in  the 
pleural  cavity.  Aspiration  was  practised,  and  the  effusion  was  found  to  be 
almost  if  not  quite  pure  blood.  Three  or  four  days  later  paracentesis  was  again 
performed  and  a  simple  serosanguinolent  fluid  obtained.  A  week  later  the 
flaid  obtained  was  serous.  The  interesting  points  were  that  the  pneumo- 
coccus  was  obtained  from  the  serosanguinolent  fluid  from  the  sac ;  and  the 
subsequent  history  of  the  patient  up  to  the  present  time  would  indicate  that 
it  was  a  tuberculosis  or  rather  a  mixed  infection.  He  has  recovered  and  the 
lungs  are  eutirely  normal. 

Dr.  Henry  :  Tuberculosis  has  been  referred  to  as  though  it  was  a  cause 
of  hemorrhagic  pleurisy.  Considering  the  fact  that  the  majority  of  cases  of 
pleurisy  are  tubercular,  and  that  hemorrhagic  pleurisy  is  extremely  rare,  I 
doubt  very  much  whether  there  is  any  causative  relation.  In  fact,  the  only 
cases  of  hemorrhagic  pleurisy  that  have  come  under  my  observation  have 
been  associated  with  scorbutus.  I  reported  a  number  of  cases  of  scorbutus 
some  years  ago,  in  one  of  which  there  was  hemorrhagic  pleurisy.  I  have 
never  seen  hemorrhage  into  the  pleural  sac  in  connection  with  tuberculosis, 
and  I  have  been  teaching  for  some  time  past  that  the  idea  that  a  hemor- 
rhagic pleural  effusion  is  more  likely  to  be  caused  by  tuberculosis  than  by 
anything  else  is  a  delusion. 
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Dr.  Peabody  :  As  bearing  upon  this  point  it  seems  to  me  that  cases  are 
not  very  uncommon  in  which  we  find  hemorrhagic  pleurisy  that  subsequently 
get  well.  Whether  they  have  a  tuberculous  pleurisy  or  not,  of  course,  re- 
mains undetermined  as  long  as  they  live  and  do  not  develop  tuberculous 
symptoms ;  but  we  may  have  a  large  amount  of  blood  effused  into  the  pleural 
cavity  in  a  person  who  is  suffering  apparently  only  with  pleurisy.  I  have 
under  observation  now  a  man  who  is  apparently  well  who  three  tinaes  within 
the  past  six  weeks  has  required  tapping,  and  on  each  occasion  the  fluid  has 
been  very  bloody.  I  should  be  like  Dr.  Henry,  somewhat  skeptical  as  to 
the  belief  that  this  is  necessarily  of  tubercular  origin.  It  certainly  has  hap- 
pened to  me  a  number  of  times  to  have  patients  with  only  the  history  of 
ordinary  pleural  effusion,  with  large  amounts  of  blood,  get  entirely  well, 
and  so  I  disregard  the  old  view  that  they  must  have  a  neoplasm  or  tubercu- 
losis, believing  that  blood  in  the  pleural  cavity  may  arise  from  other  causes. 

D&.  Shattugk  :  I  quite  agree  with  Dr.  Peabody  that  cases  of  hemorrhagic 
pleurisy  do  occur  and  get  well,  but  not  with  his  conclusion  that  therefore 
they  are  not  tuberculous.  The  fact  that  they  recover  does  not  prove  that 
they  are  not  of  tuberculous  origin.  I  recall  the  case  of  a  physician  in  Bos- 
ton, the  subject  of  great  deformity  from  an  old  Pott's  disease,  who,  late  in 
life,  developed  hemorrhagic  pleural  effusion.  He  got  entirely  well,  and  re- 
mained so  for  several  years  afler. 

Dr.  Henry  :  It  is  a  well-known  fact  that  tuberculosis  of  the  serous  mem- 
branes is  more  benign  than  in  other  tissues  of  the  body.  The  point  I  made 
was  that  the  vast  majority  of  cases  of  pleurisy  are  tuberculous,  while  hemor- 
rhagic pleurisy  is  extremely  rare,  and  that  consequently  there  can  be  no 
causative  relation  between  them. 

Dr.  Kiknicdtt  :  I  think  Dr.  Henry  will  admit  that  in  tuberculous  peri- 
tonitis the  effusion  is  very  different  from  that  of  the  pleural  effusion. 

Dr.  Osler  :  It  is  only  in  one  variety  of  tuberculous  pleurisy  that  we  are 
apt  to  have  hemorrhage.  If  he  will  look  over  the  postmortems  of  any  hos- 
pital, Dr.  Henry  will  find  his  statement  negatived  by  the  presence  of  a  num- 
ber of  cases  of  pleurisy  with  hemorrhage,  but  it  is  always  the  fresh  tubercles 
surrounded  by  new  vessels  that  bleed  freely.  It  is  the  terminal  form  that  is 
hemorrhagic. 

Dr.  Jacobi  :  With  the  question  of  hemorrhagic  pleurisy  I  had  nothing 
to  do.  This  was  not  a  case  of  hemorrhagic  pleurisy,  but  a  hemorrhage  in  a 
case  of  pyothorax.  When  incision  was  made  there  came  clear  pus,  and 
following  that  came  clear  blood.  As  the  spots  where  the  blood  came  from 
were  washed  I  saw  well-defined  tufls,  from  which  the  blood  was  flowing  or 
oozing.    The  cavity  was  packed  with  gauze,  and  after  the  first  few  days  the 
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healing  process  was  uninterrupted.  I  asked  several  surgeons  about  their 
experience  in  the  matter,  and  they  said  they  had  not  seen  such  a  case.  That 
is  the  only  reason  why  I  had  the  courage  to  communicate  the  case  here.  It 
shows  an  additional  reason  why  hemorrhage  may  occur  into  the  pleural 
cavity.  All  other  reasons  for  hemorrhage  are  certainly  well  enough  known, 
and  I  did  not  refer  to  them,  except  fragmentarily. 

Db.  Oslsb:  Were  those  little  vegetations  removed  and  examined  for 
tubercle? 

D&.  Jaoobi  :  No ;  I  was  in  too  much  of  a  hurry  to  stop  the  bleeding.  I 
most  say  that  might  have  been  done,  but  we  were  so  shocked  by  the  sudden 
hemorrhage  that  we  only  thought  of  stopping  it.  Still,  it  should  be  said 
that  if  we  had  an  abscess  in  other  parts  of  the  body  we  should  not  be  aston- 
ished at  all  by  granulations  springing  up  with  hemorrhages  as  soon  as  the 
pressure  on  the  sponge-like  tissue  is  relieved.  I  will  add  that  the  child  is  in 
perfect  health. 
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A  CASE  OF  INDIGOURIA. 
Reported  by  A.  McPHEDRAN,  M.D., 

'  OF  TORONTO, 

» 

*  AND 

WILLIAM  GOLDIE,  M.D., 

or  TORONTO. 


The  presence  of  indigo-blue  in  the  freshly-passed  urine  is  of  such 
great  rarity  and  its  significance  so  little  more  than  that  of  potassiam 
indoxyl  sulphate  that  it  can  only  be  looked  upon  as  a  medical  curi- 
osity, and  it  is  as  such  that  attention  is  called  to  the  following  case : 

Mr.  G.  £.,  aged  twenty-four  years,  a  fairly  nourished  man,  of  small  build, 
looking  old  for  his  years  by  reason  of  his  sallowness  and  falling  hair,  came 
complaining  of  a  general  weakness,  heaviness  of  limbs,  palpitation,  dull 
headaches,  and  inaptitude  to  work.  He  is  of  sedentary  habits,  smokes  very 
heavily,  appetite  is  indifferent,  but  at  the  same  time  eating  well,  irregular  as 
to  his  meals,  and' eating  with  such  haste  that  he  really  bolts  his  food.  Bowels 
are  regular  as  a  rule. 

On  examination  few  or  no  objective  signs  were  to  be  found,  the  stomach 
being  slightly  prolapsed  had  good  motive  power,  and  its  secretion  waa 
normal  or  slightly  hyperacid.  In  an  attempt  to  empty  the  stomach  after  an 
ordinary  meal  the  tube  was  blocked  with  large  masses  of  unmasticated  meat. 

No  disturbance  of  the  geni to-urinary  tract  could  be  made  out,  but  on  pass- 
ing urine  for  examination  it  at  once  attracted  attention  by  reason  of  its  tur- 
bidity and  extremely  bluish-green  color.  He  then  stated  that  some  weeks 
before  he  had  passed  urine  nearly  as  blue.  This  coloration  could  not  be  due 
to  a  drug,  as  none  had  been  taken  for  a  considerable  length  of  time,  nor  was 
there  a  possibility  of  deception. 

On  examination  this  sample  gave  the  following  results:  Color,  bluish- 
green  ;  transparency,  turbid ;  reaction,  slightly  acid  to  litmus-paper ;  specific 
gravity,  1029;  albumin,  none;  sugar,  none;  urates,  excessive  for  the  sample, 
quantity  for  the  day  being  unknown. 

Microscopic  Examination.  Amorphous  and  spherical  urates,  most  of  which 
were  tinted  various  shades  of  green  and  blue.  Separate  particles  of  blue  pig- 
ment in  irregular  masses  and  in  amorphous  form,  not  soluble  on  warming. 
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-  Bacteria,  A  few  short  baciDi  apparently  of  the  one  variety,  not  staining 
by  Gram's  method ;  no  cultures  made.  Among  the  ordinary  deposits  of  urine 
no  other  abnormal  constituents  could  be  made  out. 

The  pigment  wa«  readily  extracted  from  the  urine  by  chloroform,  giving  a 
aoltttion  which  varied  from  a  light  green  to  a  bright  blue,  according  to  con- 
centration. On  evaporation  of  the  extract  a  bright  blue  pigment  remained, 
which  sublimed  with  a  tinted  vapor  and  condensed  on  the  surfaces  beyond 
the  typical  crystals  of  indigo-blue.  The  pigment  was  insoluble  in  water, 
ethyl  alcohol,  dilute  acids,  but  readily  soluble  in  chloroform,  ether,  carbolic 
acid,  and  hot  methyl  alcohol.  With  strong  nitric  acid  it  gave  a  yellowish- 
colored  solution,  while  with  sulphuric  acid,  at  first  a  greenish  solution  quickly 
decolorizing. 

After  twice  extracting  the  arine  with  ether,  it  wae  subjected  to  hydrochloric 
acid  and  potassium  chlorate  for  the  presence  of  the  indoxyl  sulphate,  and  again 
extracted  with  ether.  Only  the  faintest  trace  of  a  bluish-green  color  resulted, 
and  this,  in  all  likelihood,  was  due  to  the  imperfect  primary  extractions.  As  no 
more  such  pigmented  urine  was  passed,  a  further  study  of  the  chemical  nature 
of  the  pigment  had  to  be  given  up ;  that  it  was  indigo-blue  cannot  be  doubted, 
not  only  because  of  its  reactions  but  also  for  the  reason  that  the  patient  usu- 
ally passed  yellowish-brown  urine  strong  in  indican,  a  sample  of  which,  ob- 
tained a  few  days  after  the  passing  of  the  blue  urine,  gave  the  following 
results  on  examination:  Color,  yellowish-brown;  reaction,  acid;  specific 
gravity,  1024;  transparency,  quite  clear  when  passed,  but  rapidly  becoming 
turbid  by  the  falling  out  of  amorphous  urates.  Urates  were  found  to  be  ex- 
cessive for  the  sample.  Vigorous  shaking,  after  the  addition  of  a  few  drops 
of  strong  hydrochloric  acid,  produced  a  greenish  coloration,  the  pigment 
being  readily  extracted  with  ether  and  chloroform.  No  other  abnormality 
was  found  by  chemical  or  microscopic  examination. 

The  literature- on  the  subject  of  indigo-pigments  occurring  in  the 
urine  is  of  much  greater  volume  than  one  would  have  expected.  From 
Braconnet's  time,  and  even  before,  many  cases  are  referred  to  or  re- 
corded of  a  blue  or  bluish-black  pigment  occurring  in  the  urine,  espe- 
cially in  connection  with  severe  intestinal  disorders  such  as  Asiatic 
cholera  and  typhus.  Of  recent  years,  however,  it  has  not  attracted 
attention,  partly  due  to  the  changed  treatment  of  intestinal  disorders, 
and  more  particularly  because  the  examination  of  urine  does  not 
include  the  setting  aside  of  urine  for  sedimentation,  thus  permitting 
of  advanced  decomposition  with  the  accompanying  oxidation  of  the 
potassium  indoxyl  sulphate. 

The  occurrence  of  the  indigo-pigments  in  the  urine  as  passed,  how- 
ever, is  a  condition  seldom  referred  to  or  recorded.  Ord,  Roberts, 
Prout,  Simon,  Gilchrist,  Kornblume,  Dickinson,  Robin,  Beale,  and 
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others  mention  cases,  and  all  of  the  one  class,  that  in  which  decom- 
position of  nrine  occurred  within  the  bladder,  as  evidenced  by  the 
signs  and  symptoms  of  cystitis  and  the  passing  of  ammoniac  and 
offensive  urine. 

The  only  cases  I  have  been  able  to  find  in  the  literature  at  my  dis- 
posal which  resemble  this  case  are  those  reported  by  Phillips,  Wheaton, 
and  Hughes. 

That  of  Phillips  was  in  a  young  married  woman,  who  during  six 
years'  observation  had  for  three  periods  of  two  weeks  each  passed 
urine  of  a  greenish-brown  to  cobalt-blue  color.  This  color  was  found 
to  be  due  to  indigo-blue.  The  general  tone  of  the  report  would  lead 
one  to  believe  that  there  was  no  cystitis  or  marked  decomposition  of 
urine  within  the  bladder,  but  it  is  not  definitely  so  stated,  nor  is  there 
a  report  of  the  chemical  and  the  microscopic  findings. 

Wheaton's  case  is  merely  the  mention  of  the  passing  of  blue  urine 
for  a  few  hours  by  an  hysteric  woman. 

The  case  cited  by  Hughes  can  hardly  be  classed  with  these  cases, 
as  it  was  assumed  that  urine  passed  during  the  night  could  not  have 
changed  in  color  by  the  morning. 

I  mention  this  case  because  the  patient,  according  to  the  history, 
was  just  convalescent  after  typhoid  fever,  for  it  is  in  connection  with 
such  cases  as  are  suffering  from  typhoid,  typhus,  Asiatic  cholera,  and 
intestinal  obstruction,  etc.,  that  so  many  references  as  to  the  occur- 
rence of  indigo-pigments  in  the  urine  are  made,  and  that  without 
stating  whether  the  urine  was  examined  fresh  or  not. 

From  the  work  done  on  the  antecedent  of  indigo-pigment,  the  potas- 
sium indoxyl  sulphate,  it  is  found  that  the  absorption  of  indol,  the 
product  of  albuminoid  putrefaction,  leads  to  indoxyl  formation,  and 
this  combined  in  the  form  of  potassium  indoxyl  sulphate  is  the  ante- 
cedent of  the  indigo-pigment.  These  steps  are  brought  about  by 
oxidation.  In  the  above  diseases  not  only  is  the  indol  production 
frequently  great,  but  the  conditions  for  transmission  to  the  general 
system  are  at  their  best.  The  indol  apparently  is  transformed 
principally  in  the  liver  to  the  indoxyl  form,  and  then  to  the  potas- 
sium indoxyl  sulphate,  the  final  stage  to  the  pigment  usually  occurring 
during  decomposition  after  passage  of  the  urine. 

In  such  diseases  it  is  known  that  the  urine  frequently  contains  large 
numbers  of  bacteria,  not  only  of  the  specific  form  but  bacilli  of  the  colon 
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group,  and  others.  In  &cty  bacteria  are  found  comparatively  frequent 
in  the  urine  of  individuals  who  are  to  all  appearance  in  good  health. 
The  occurrence  of  these  bacteria  does  not  necessitate  any  marked 
decomposition  or  any  appreciable  signs  or  symptoms  of  irritation 
throughout  the  urinary  tract.  Now  it  is  just  possible  that  certain 
forms  of  bacteria,  or  bacteria  under  certain  conditions,  should  bring 
about  the  oxidation  of  the  potassium  indoxyl  sulphate  to  indigo  with- 
out otherwise  causing  noticeable  changes. 

In  the  present  case,  if  this  explanation  were  accepted,  we  are  at 
once  confronted  by  the  small  number  of  bacilli  found,  the  number 
being  so  few  that  it  is  hardly  conceivable  that  they  had  any  influence 
in  the  process.  If  they  had  no  such  influence  we  surely  must  look 
further  back  for  the  completion  of  the  oxidation — to  the  portal  system 
and  liver,  where  the  greater  steps  are  usually  carried  out,  oi  even  back 
to  the  intestine,  where  the  indol  itself  is  produced. 


HEMOLYSIS. 


By  S.  J.  MELTZER,  M.D., 

OP  NKW  YOBX. 

{^om  the  Department  of  Pathology,  College  of  Phyncians  and  Surgeons,  Columbia 

University f  New  York,) 


Introductory.  In  the  Transactions*  of  this  Association  of  1898 
a  remark  of  mine  is  published  in  which  I  refer  briefly  to  some  experi- 
ments I  made  to  determine  the  modifying  influence  of  the  peritoneal 
cavity  upon  the  deleterious  effect  of  alien  blood.  According  to  Ham- 
burger,' salt  solutions  or  serous  fluids  of  an  osmotic  pressure,  differing 
from  that  of  the  blood  of  the  animal — be  they  hypertonic  or  hypo- 
tonic— when  introduced  into  the  peritoneal  cavity  of  an  animal,  assume 
after  a  while  the  osmotic  pressure  peculiar  to  the  blood-serum  of  their 
host.  This  fact  suggested  to  me  the  possibility  that  alien  blood,  too, 
might  acquire  a  degree  of  adaptability  to  the  new  species  by  a  pre- 
liminary stay  in  the  peritoneal  cavity  of  that  species.  To  test  this 
hypothesis  I  introduced  fresh  defibrinated  bull's  blood  into  the  perito- 
neal cavity  of  a  rabbit,  left  it  there  for  three  hours,  removed  it,  and 
strained  it.  Blood  thus  prepared,  when  introduced  through  the 
jugular  vein  into  the  circulation  of  a  normal  rabbit,  proved  to  be  less 
harmful  than  unprepared  bull's  blood.  Recently  I  have  taken  up 
this  problem  again,  but  studied  it  in  the  test-tube  by  the  precise 
quantitative  methods  now  in  vogue  in  the  recent  marvellous  studies 
of  immunity  and  hemolysis.  The  primary  object  of  this  paper  is  the 
communication  of  the  results  of  my  recent  studies.  However,  since  the 
entire  subject  of  hemolysis,  as  it  has  been  developed  in  the  biologic 
investigations  of  the  last  two  or  three  years,  is  of  such  immense  im- 
portance, it  was  suggested  to  me  to  present  also  a  review  of  the  recent 
hemolytic  studies.  This  suggestion  is  the  more  justified,  as  there  is 
in  the  medical  literature  of  this  country,  at  least  so  far  as  I  know, 
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neither  an  original  contribution  to^  nor  a  collective  presentation  of, 
this  fiiscinating  subject.*  Acting  on  this  suggestion,  I  shall,  there- 
fore, attempt  to  present  a  general  review  of  the  recent  studies  in 
hemolysis  before  giving  the  results  of  my  own  studies. 

Normal  Hemolysis.  Hemolysis  means  in  general  the  solution 
of  blood.  The  term,  however,  is  now  chiefly  employed  to  designate 
the  separation  of  the  hemoglobin  from  the  stromata  of  the  red  blood- 
corpuscles.  This  end  can  be  attained  by  a  great  number  of  different 
agents.  In  the  present  article,  however,  we  shall,  in  conformity  with 
other  writers  on  this  subject,  deal  only  with  biologic  agents,  the  fore- 
most of  which  is  alien  blood  or  alien  serum. 

The  early  attempts  at  transfusion  of  animal  blood  into  man  showed 
that  the  normal  blood  of  one  animal  is  often  detrimental  to  another  ani- 
mal. The  fact  was  recognized  quite  early'  that  the  serum  of  one 
animal  can  dissolve  the  erythrocytes  of  another  animal.  Even  the 
agglutinating  effect  of  alien  serum  was  recognized  quite  long  ago,^'' 
although  it  must  be  admitted  that  its  importance  was  not  understood 
until  the  recent  advent  of  the  knowledge  of  bacterial  agglutination,  when 
the  fact  of  hemo-agglutination  was  rediscovered  some  six  years  ago 
by  Bordet.*  How  dangerous,  however,  alien  serum  may  be  was  only 
recently  demonstrated  by  the  discovery  by  A.  Mosso^  of  the  extreme 
poisonous  effect  of  eel's  serum ;  one  kilogram  of  a  mammal  is  killed 
by  an  intravenous  introduction  of  0.1  c.c.  of  eel's  serum  within  three 
to  four  minutes.  This  serum  is  extremely  hemolytic,  as  a  trace  of  it 
rapidly  dissolves  mammalian  erythrocytes  in  the  test-tube. 

Recent  investigations  have  brought  to  light  hemolytic  properties 
in  a  number  of  other  biologic  products.  Cobra  venom  and  some 
other  snake  poisons  possess  hemolytic  properties.  Ehrlich'  discov- 
ered that  the  tetanus  toxin  contains  a  hemolytic  agent — the  tetano- 
lysin.  Bulloch  and  Hunter^  describe  the  hemolytic  effect  of  filtered 
pyocyaneus  cultures.  Neisser  and  Wechsberg^®  discovered  staphylo- 
lysin.  Kobert"  discovered  the  agglutinating  effects  of  the  four  vege- 
table poisons — abrin,  ricin,  crotin,  and  robinin.  Crotin  exerts  also  a 
hemolytic  influence  upon  the  blood  of  certain  animals. 

The  development  of  the  method  of  studying  the  hemolytic  effects  of 

*  since  reading  this  paper  I  find  that  the  literature  on  this  subject  is  connectedly  abstracted 
by  Lndyig  Hektoen  in  his  excellent  report  on  "Pathology,"  in  Progressiye  Medicine* 
MOl,  Tol.  1. 
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alien  serum  quantitatively  in  the  test-tube  was  undoubtedly  one  of  the 
most  important  factors  in  the  rapid  progress  which  has  been  recently 
made  in  the  studies  of  hemolysis  and  allied  subjects.  However,  the 
all-dominating  point  in  this  new  field  of  extremely  important  and  in> 
teresting  investigations  was  the  discovery  of  the  so-called  hemolysis 
by  immunization  about  three  years  ago.  This  discovery  is  so  closely 
interwoven  with  the  recent  development  of  our  knowledge  of  bacterial 
immunity  that  we  shall  devote  a  few  remarks  to  the  latter  subject. 

Bacteriolysis.  In  the  first  period  of  the  new  bacteriologic  era 
infection  meant  invasion  of  bacteria,  and  immunization  was  accom- 
plished in  a  general  way  by  inoculation  with  bacteria.  After  the 
toxins  were  discovered,  followed  soon  by  the  marvellous  successes  of 
active  and  passive  antitoxic  immunizations  —  to  mention  only  the 
toxins  and  antitoxins  of  diphtheria  and  tetanus,  or  ricin  and  antiricin, 
abrin  and  antiabrin — the  opinion  became  prevalent  that  all  immuni- 
zations are  probably  of  an  antitoxic  nature,  and  so  the  bacterium 
or  the  cell  in  general  became  less  conspicuous.  By  the  excellent 
studies  of  Richard  PfeiiFer  and  his  coworkers  at  about  the  middle  of 
the  last  decade  it  was,  however,  established  that  there  is  a  distinct 
and  specific  antimicrobic  immunization  which  does  not  protect  against 
the  evil  effects  of  the  toxins.  The  sera  of  animals  immunized  against 
cholera  and  typhoid  do  not  protect  against  the  toxins  of  the  bacteria 
in  question,  but  are  distinctly  bactericidal.  Pfeiffer  found  further 
that  this  bactericidal  process  has  a  morphologic  aspect  and  is  acces- 
sible to  ocular  observation.  When,  for  instance,  cholera  vibrios 
were  brought  into  the  peritoneal  cavity  of  a  guinea-pig  which  con- 
tained serum  of  an  animal  immunized  against  cholera,  the  vibrios 
broke  down  into  granula  and  soon  dissolved  entirely.  The  process, 
which  is  termed  bacteriolysis,  is  extracellular  (is  therefore  not  phago- 
cytic) and  is  distinctly  specific ;  that  is,  the  immune  serum  of  cholera 
dissolves  only  cholera  vibrios  and  no  other  bacteria.  Gruber  soon 
discovered  another  specific  morphologic  effect  of  the  immune  sera. 
Previous  to  their  dissolution  the  bacteria  often  gather  into  clumps 
or  masses.  This  is  the  phenomenon  of  '^  agglutination,"  which  has 
become  so  widely  known  in  its  practical  application  in  the  diagnosis 
of  typhoid.  The  phenomena  of  bacteriolysis  and  bacterial  agglutina- 
tion are  independent  of  one  another,  and  are,  it  must  be  said  again, 
distinctly  specific.     Thus  it  has  been  established  that  there  are  two 
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distinctly  different  immunization  processes:  immunization  against 
bacteria  and  immunization  against  their  toxins,  or  as  some  toxins^  like 
ricin,  abrin^  crotin,  etc.,  are  not  the  products  of  bacteria,  we  may 
express  the  broader  conception  by  the  term  immunization  against 
foreign  cells  and  immunization  against  their  toxic  products. ' 

This  conception  of  immunization  against  foreign  cells  apparently 
prepared  the  minds  of  the  investigators  for  the  studies  which  fol- 
lowed. While  the  lively  discussion  over  bacterial  agglutination  was 
going  on,  Bordet,^a8  mentioned  above,  rediscovered  the  agglutination 
of  the  red  cells  by  alien  serum.  This,  in  conjunction  with  the  already 
well-known  lytic  effect  of  lerum  of  one  animal  upon  the  red  blood- 
corpuscles  of  another  animal,  brought  out  the  parallelism  between 
hemolysis  and  hemo-agglutination  on  the  one  hand,  and  bacteriolysis 
and  bacterial  agglutination  on  the  other  hand.  The  effects  of  alien 
serum  are  also  specific,  as  not  every  serum  affects  the  red  cells  of 
all  the  animals,  but  serum  of  a  certain  species  is  hemolytic  or  agglu- 
tinative for  the  erythrocytes  of  a  certain  other  species  of  animal. 
Another  point  which  is  common  to  both  processes  is  that  heating  to 
55^  C.  for  half  an  hour  deprives  immune  serum  of  its  bacteriolytic 
property  and  deprives  also  the  alien  serum  of  its  hemolytic  action. 
When,  now,  in  view  of  the  many  points  which  the  relations  of  im- 
mune serum  to  bacteria  have  in  common  with  the  relations  of  alien 
serum  to  erythrocytes,  and  when,  further,  the  experiments  of  Belfanti 
and  Carbone  brought  out  the  fact  that  the  serum  of  animals  in  which 
rabbit^s  blood  has  been  injected  is  fatal  to  rabbits,  the  way  was  pre- 
pared for  the  last  conclusion  from  these  parallelisms,  viz.,  that  it 
ought  to  be  possible  to  immunize  against  the  red  cells,  just  as  it  is 
possible  to  immunize  against  the  bacterial  cells.  This  explains  how 
it  came  about  that  three  investigators,  independently  of  one  another, 
have  purposefully  planned  the  discovery  of  hemolysis  by  immuniza- 
tion. The  investigators  were  Bordet^^  in  Paris,  von  Dungern"  in 
Freiburg,  and  Karl  Landsteiner**  in  Vienna.  Bordet,  whose  publi- 
cation of  this  discovery  appeared  a  little  ahead  of  that  of  the  other 
investigators,  has  since  followed  up  this  subject  with  great  ingenuity. 

Hemolysis  bt  Immunization.  Now,  what  is  hemolysis  by  immu- 
nization ?  Let  us  illustrate  it  by  one  of  the  experiments  of  Bordet. 
The  normal  serum  of  the  guinea-pig  has  very  little  or  no  effect  upon 
the  red  blood-corpuscles  of  the  rabbit;  even  when  brought  together 
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and  kept  in  the  thermostat  at  37°  C.  for  many  hours.  If,  however, 
a  guinea-pig  is  treated  several  times  at  different  intervals  by  subcu- 
taneous or  intraperitoneal  injections  of  rabbit's  blood,  the  semm  of 
this  guinea-pig  acquires  the  capacity  of  dissolving  the  red  cells  of  the 
rabbit  with  great  rapidity,  just  as  the  serum  of  an  animal  which  has 
been  treated  by  bacterial  injection  dissolves  such  bacteria.  This 
acquired  hemolysis  is  specific.  The  serum  of  a  guinea-pig  immunised 
by  rabbit^s  blood  dissolves  rapidly  only  the  cells  of  rabbits,  while  it 
retains  its  normal  indifferent  behavior  toward  the  red  cells  of  other 
animals.  The  serum  of  immunized  animals  acquires  also  a  specific 
agglutinative  power  toward  the  red  cells  o{  the  animals  in  whose  blood 
the  immunization  was  accomplished.  The  addition  of  the  serum  to 
such  blood  causes  a  rapid  falling  out  of  the  red  corpuscles  which 
clump  together  at  the  bottom  of  a  test-tube  to  a  dense  mass. 

Hemolysis  by  immunization  and  hemo-agglutination  have  now  been 
studied  with  the  same  uniform  results  in  a  great  many  species  of 
animals,  of  which  the  blood  of  chickens  and  pigeons  (von  Dungem),^ 
of  geese  (Metschnikoff)/*  and  of  frogs  (Krompecher)*^  deserve  spe- 
cial mention.  With  the  nucleated  red  cells  of  the  blood  of  these  ani- 
mals a  quantitative  study  of  the  hemolytic  effect  is  possible  not  only 
in  the  test-tube,  but  also  in  the  hanging-drop  under  the  microscope. 
The  number  of  free  nuclei  indicate  the  degree  of  hemolysis.  Further- 
more, with  these  characteristic  corpuscles,  also  the  specific  character 
of  hemolysis  and  agglutination  is  conveniently  demonstrable  in  the 
hanging-drop.  When,  for  instance,  chicken  blood  and  the  blood  of  a 
mammal — say  a  guinea-pig— r-are  thoroughly  mixed,  and  to  a  drop  of 
this  under  the  microscope  a  droplet  of  the  serum  of  a  rabbit  imma* 
nized  by  chicken  blood  is  added,  it  can  then  be  observed  that  dur- 
ing the  period  of  agglutination  the  nucleated  red  cells  of  the  chicken 
gather  into  small  heaps,  while  the  red  cells  of  the  guinea-pig  remain 
evenly  distributed  throughout  the  entire  field ;  in  a  later  stage,  when 
the  hemolysis  takes  effect,  the  red  cells  of  the  guinea-pig  remain  un- 
changed, while  nothing  but  nuclei  can  be  seen  of  the  chicken  cells. 

Immunization  is  accomplished  by  the  usual  methods — t.  e,-,  by  sub- 
cutaneous, intraperitoneal,  or  intravenous  injections.  In  a  very  recent 
communication,  however,  Metalnikoff^^  reports  that  he  attained  im^ 
munization  also  by  feeding  one  animal  with  the  blood  of  another 
animal.     In  a  previous  communication  by  Uhlenhuth^'  on  antiproteid 
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immunization^  of  which  we  shall  speak  presently,  the  possibility  of  an 
intrastomachal  immunization  is  already  mentioned. 

Other  Immunization  Reactions.  Before  continuing  further  our 
report  on  hemolysis,  we  shall  stop  to  call  your  attention  briefly  to  a 
number  of  other  remarkable  results  which  the  very  recent  studies 
in  hemolysis  and  immunity  have  brought  to  light.  In  the  first  place 
the  conception  of  immunization  against  foreign  cells — which  was  de- 
rived, as  stated  above,  from  the  possibility  of  immunization  against  red 
cells  as  well  as  against  bacteria — was  soon  extended  with  success  to 
other  body  cells.  Von  Dungern^  has  immunized  animals  against 
ciliated  epithelia.  When  these  epithelia  are  introduced  into  the  peri- 
toneal cavity  of  a  normal  animal  the  cilia  continue  their  movements  for 
quite  a  long  time.  If,  however,  the  animal  has  been  treated  before- 
hand with  injections  of  an  emulsion  of  such  epithelia,  the  cilia  stop 
their  movements  very  soon  after  the  introduction  in  the  abdominal 
cavity,  and  the  entire  cell  becomes  rapidly  degenerated.  The  same 
differences  can  be  observed  in  the  sera  of  animals  within  test-tubes. 

In  connection  with  these  results  the  idea  found  expression  that  it 
might  be  possible  to  obtain  a  serum  protective  against  malignant  epithe- 
lial growths.  Metschnikoff ^^  has  immunized  animals  against  leucocytes ; 
these  cells  become  rapidly  dissolved  in  the  peritoneal  cavity  or  in  the 
serum  of  animals  which  had  been  previously  treated  by  injections  of  the 
emulsion  of  the  spleen  or  lymph  glands.  Metschnikoff,^  Landsteiner,^ 
and  Moxter^  have  immunized  sheep  against  spermatozoa ;  these  cells 
lose  their  motility  very  rapidly  in  the  peritoneal  cavity  of  animals  which 
have  previously  received  injections  of  the  same  kind  of  cells.  All  these 
immunizations  are  distinctly  specific.  If,  for  instance,  the  animal  has 
received  injections  of  sheep's  spermatozoa  its  peritoneal  cavity  will 
exert  no  influence  upon  the  spermatozoa  of  the  horse,  etc.  Sperma- 
tozoa of  immunized  animals  show  also  the  phenomenon  of  specific 
agglutination. 

Furthermore,  the  hemolytic  studies  brought  out  facts  which  stimu- 
lated researches  regarding  immunization  against  animal  substances 
of  a  non-cellular  character,  and  these  have  had  extremely  inter- 
esting results.  Tchistovitz,"  Bordet,^  and  Nolf^  found  that  the 
specific  immune  sera  which  affect  the  red  cells  by  agglutination  and 
dissolution,  cause  also  a  distinct  precipitate  in  the  blood-serum  of  the 
species  by  whose  blood  or  serum  the  immunization  was  accomplished. 
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Bordet^  found,  further^  after  the  injection  of  milk  into  an  animal 
the  serum  of  this  animal,  when  added  to  milk,  causes  a  precipitation 
of  the  proteids  of  the  milk.  And  Wassermann^  has  shown  that  this 
reaction  is  a  specific  one.  For  instance,  when  the  injections  are 
made  with  cow's  milk  the  serum  will  cause  a  precipitate  in  cow's  milk 
only,  and  not  in  the  milk  of  any  other  animal. 

Walter  Myers*^  and  Uhlenhuth*^  found,  after  the  injection  into  ani- 
mals of  certain  proteids,  the  sera  of  these  animals  produce  a  precipitate 
in  the  proteids  employed  in  the  injections ;  and  this  reaction,  too,  is 
distinctly  specific.  For  instance,  when  a  rabbit  is  immunized  by  the 
whites  of  hen's  eggs  the  serum  of  this  animal  gives  no  precipitate 
with  any  other  kind  of  a  proteid  except  with  the  egg  albumen  of  a 
hen's  egg. 

Practical  Application.  The  specific  precipitation  of  the  immu- 
nized blood-serum  found  recently  a  very  interesting  practical  applica- 
tion :  Uhlenhuth*^  Wassermann  and  Schiitze®  have  evolved  from  it  a 
very  delicate  method  for  distinguishing  with  absolute  certainty  human 
blood  from  that  of  other  animals — except  that  of  monket/8  !  After 
injection  of  human  blood  into  rabbits  the  serum  of  the  latter  causes 
a  characteristic  turbidity  and  flocculent  deposit  in  the  human  blood, 
even  if  this  is  in  the  form  of  an  old,  small,  dry  spot.  The  reac- 
tion is  present  even  when  the  human  blood  is  diluted  1 :  50,000 
(Stern^).  The  forensic  importance  of  this  method  is  apparent.  Far- 
ther studies  have  shown  that  the  immunization  in  question  can  be 
accomplished  not  only  by  human  blood,  but  also  by  peritoneal  exu- 
dates ;^  and  what  is  even  more  striking,  even  by  albuminous  human 
urine.^  Serum  made  to  be  immune  by  any  of  these  methods  gives 
a  precipitate  not  only  in  the  human  blood  but  also  in  dilute  albumin- 
ous human  urine.  The  outlook  for  further  progress  in  this  direction 
is  very  bright. 

Mechanism  of  Hemolysis  by  Immunization.  Turning  again  to 
hemolysis  by  immunization,  I  have  to  record  the  great  progress  made 
in  the  understanding  of  the  mechanism  of  this  process,  and  here,  again, 
we  have  to  recur  to  bacteriolysis.  In  the  bacteriology  of  only  a  few 
years  ago  we  often  met  the  term  "Pfeiffer's  phenomenon."  It  meant 
the  observation  of  PfeifFer  that  immune  sera  dissolve  bacteria  only 
within  the  peritoneal  cavity,  not  outside  of  the  animal's  body.  Metsch- 
nikoff,^  however,  has  shown  that  the  bacteriolytic  process  can  be  ob- 
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served  also  in  the  test-tube  if  peritoneal  exudate  is  added  to  the  immune 
serum ;  and  Bordet^  has  shown,  further,  that  even  the  immune  serum 
alone  will  dissolve  bacteria  outside  of  the  body,  if  it  be  very  fresh. 
The  immune  serum  loses   something  by  standing,  but  this  can  be 
regenerated  by  the  addition  of  serum  from  a  normal  animal.     Im- 
mune serum  which  has  been  made  inactive  by  heating  at  55°  C.  for  half 
an  hour  can  also  be  made  active  again  by  the  addition  of  such  normal 
serum.     Reviewing  all  these  facts,  Pfeiffer*  has  formulated  a  theory 
which  has  met  with  nearly  universal  approval.     According  to  this 
theory,  fresh  immune  serum   consists  of  two  parts :  one  component 
is  not  easily  destroyed  by  heat,  it  is  thermo-stable,  the  other  one 
is  destroyed  by  such  a  low  temperature  as  55°  C,  it  is  thermo- 
labile.      The  latter  substance  is  a  ferment-like  body  and  is  pres- 
ent in  the  normal  sera  of  animals.     The  thermo-stable  part,  which 
is  the  new,  immunized  part  of  the  immune  serum,  and  therefore  is 
the  real  immune  body,  is  in  itself  harmless  to  the  bacteria,  but  it 
forms  the  means  of  bringing  the  normal  proteolytic  ferment  present 
in  the  normal  serum  to  act  upon  the  bacteria  to  dissolve  them.     The 
fresh  immune  serum  contains  both ;  the  ferment-like  body,  however, 
is  very  sensitive  to  all  abnormal  influences,  perishes  soon,  and  is 
readily  destroyed  by  a  temperature  of  55°  C.     When  this  occurs  the 
immune  serum  is  then  inactive,  and  contains  only  the  inactive  immune 
body ;  but  by  the  addition  of  fresh  normal  serum  new  ferment  bodies  are 
added,  and  the  immune  serum  becomes  regenerated,  or  ^' re-activated," 
to  use  the  technical  term. 

When  Bordet^^  had  discovered  the  hemolysis  by  immunization  he 
subjected  it  to  the  same  tests  employed  in  bacteriolysis,  and  found  that 
heating  the  serum  to  55°  G.  deprived  it  of  its  hemolytic  power,  and 
that  the  addition  of  normal  serum  restored  this  again ;  thus  the  inactive 
serum  is  regenerated.  Bordet,  therefore,  assumes  that  the  hemolytic 
immune  sera,  like  the  bacteriolytic  sera,  also  consist  of  two  parts — a 
new,  thermo-stable,  harmless  immune  body,  and  a  thermo-labile,  sen- 
sitive, enzyme-like  body,  which  latter  is  present  also  in  the  serum  of 
normal  animals. 

We  may  mention  briefly  that  the  hemo-agglutinating  and  the 
precipitating  properties  of  the  immune  serum  show  a  resisting  power 
equal  to  that  of  the  immune  body.  A  temperature  of  60°  G.  for  one 
hour  does  not  affect  them. 
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Ehrlich  and  Morgenroth's  Studies  of  Hemolysis.  In  a  long 
series  of  ingenious  experiments  the  mechanism  of  hemolysis  has  been 
subjected  to  a  profound  analysis  by  Ehrlich  and  Morgenroth,*^  who 
brought  to  light  a  number  of  important  facts  and  general  principles, 
and  ¥phose  views  are  now  accepted  by  a  majority  of  the  investi- 
gators in  this  new  field.  The  terminology  of  these  writers  is  new 
and  somewhat  complicated,  and  has  its  origin  in  Ehrlich's  so-called 
"  lateral-chain  theory  of  immunity.'*  As  Ehrlich's  theory  has  been 
very  fruitful  in  the  discovery  of  many  new  facts,  and  is  now  accepted 
as  the  best  working  hypothesis  by  a  great  number  of  bacteriologists, 
it  will  not  be  out  of  place  to  give  here  a  brief  sketch  of  it. 

Ehrlich's  Lateral-chain  Theory.  Ehrlich's  color- analytic 
studies  led  him  to  the  conceptions^  that  the  living  protoplasm  has, 
beside  its  essential  part,  a  great  number  of  lateral  mechanisms.  The 
essential  part  (Leistungskern)  is  that  which  distinguishes  one  cell  from 
another — for  instance,  a  nerve-cell  from  a  blood-cell — while  the  object 
of  the  lateral  mechanisms,  which  Ehrlich  termed  lateral  or  side  chains 
(Seitenketten),  is  to  catch  external  substances  and  chain  them  to  the 
main  body  of  the  cell.  Thus  the  process  of  assimilation,  Ehrlich 
thinks,  is  carried  on  by  means  of  these  mechanisms ;  the  highly  com- 
plex, large  food  molecules  are  trapped  by  these  catchers,  split  by 
means  of  some  ferment,  and  made  ready  for  the  use  of  the  cell-body. 
These  mechanisms  Ehrlich  designates  now  as  receptors.  According 
to  him,  each  receptor  is  adjusted  for  only  one  kind  of  substance,  is 
specific,  receptor  and  substance  being  fitted  for  one  another  like 
key  and  lock.  By  means  of  these  receptors  not  only  food  but 
many  other  things  can  be  grasped  and  firmly  fastened  to  the  cells — 
for  instance,  ferments  and  toxins,  provided  these  cells  have  the  re- 
ceptors especially  adapted  to  these  toxins  or  ferments.  Animals  whose 
nerve-cells,  for  instance,  have  no  receptors  for  the  tetanus  toxin  are 
immune  to  tetanus.  At  present  Ehrlich  distinguishes  three  orders 
of  receptors : 

First  order :  single,  uncomplicated  receptors.  They  receive,  among 
others,  toxins  and  ferments. 

Second  order  :  single  receptors,  complicated  by  ferments.  These 
receptors  serve,  as  mentioned  above,  the  process  of  assimilation. 

Third  order :  double  receptors.  These  Ehrlich  now  terms  ambo- 
ceptors. We  shall  encounter  these  terms  later  in  discussing  hemolysis.. 
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When   the   receptors  have  trapped   and   fastened  corresponding 
substances   they,  too^  become  fixed  and,  therefore^  are  lost  to  the 
cell-body  ;  the  loss,  however,  is  soon  made  up  by  the  cell  regenerating 
new  receptors.     Now,  Ehrlich  assumes  that  when  by  frequent  intro- 
duction of  substances  the  loss  and  regeneration  of  the  receptors  be- 
comes a  repeated  occurrence,  the  cell-body,  if  not  succumbing  to  the 
overtaxation,   is   stimulated   to    overproduction  of   the   receptors — 
compensatory  hypertrophy  (Weigert),  which  then,  Ehrlich  further  as- 
sumes, are  thrown  off  into  the  surrounding  fluid,  and  are  finally  brought 
into  the  blood-stream.    Hence,  immunization — i.  e.,  frequent  introduc- 
tion of  a  specific  substance — leads  finally  to  an  overflooding  of  the 
blood-stream  with  corresponding  specific  free  receptors.     If  now  the 
specific  substance — say  tetanus  toxin — is  introduced  into  the  blood  it 
is  caught  and  fixed  by  the  free  swimming  receptors  within  the  blood 
and  is  thus  prevented  from  getting  within  the  reach  of  the  nerve-cells 
and  their  receptors,  hence  the  success  of  active  immunization.     Fur- 
thermore, if  such  blood  containing  free  swimming  specific  tetanus 
receptors  is  injected  into  another  animal,  it  will  protect  this  ani- 
mal also  against  the  effects  of  the  toxin,  because  the  free  receptors 
within  the  blood  of  the  new  host  will  catch  and  fix  the  invading 
toxins  and  thus  prevent  them  from  doing  further  damage.     Anti- 
toxin, according  to  Ehrlich's  theory,  is  the  specific  receptor  torn  away 
from  the  cell-body  and  swimming  within  the  blood,  ready  to  catch  its 
special  associate,  the  specific  toxin. 

Moreover,  according  to  Ehrlich,  not  only  the  cells  but  also  all 
other  units  of  living  protoplasm  consist  of  two  parts — an  essential 
part  and  a  part  whose  task  it  is  to  form  specific  unions  with  other 
substances  or  cells.  For  instance,  ferments  and  toxins  consist  of  a 
toxipharic  or  toxizymotic  group,  through  which  each  toxin  or  fer- 
ment differs  from  every  other  and  exerts  its  specific  activity,  and 
a  haptophoric  group,  through  which  the  ferments  or  toxins  be- 
come fixed  to  the  receptors  still  attached  to  the  cells  or  detached  from 
them. 

From  the  foregoing  statement  it  may  be  seen  that  according  to  the 
kind  of  immunization  the  blood  contains  detached  receptors  of  the 
first  or  second  order — *.  e.,  single  receptors,  uniceptors,  or  receptors 
of  the  third  order,  amboceptors — i.  e.,  bodies  which,  like  double 
clamps,  contain  two  receptors.     With  this  latter  kind  of  receptors, 
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according  to  the  views  of  Ehrlich  and  Morgenroth,  we  have  to  deal 
in  hemolysis,  to  which  we  now  return. 

The  thermo-sensitive  component  of  the  hemolytic  body  (hemotoxin) 
was  at  first  termed  by  Ehrlich  and  Morgenroth  ^'  addiment ;"  they 
now  call  it  ^^  complement."  The  thermo-stable  part  they  previously 
termed  '^  immune  body/'  in  hemolysis  by  immunization^  and  *'  in- 
termediary body  "  in  normal  hemolysis ;  now  they  term  it,  as  stated 
above,  ^^  amboceptor '*  in  both  cases.  The  latter  term  has  not  yet 
been  employed  by  any  other  writer.  The  terms  "  immune  body"  and 
''  complement "  have  the  advantage  over  other  designations,  inasmuch 
as  they  express  the  facts  irrespective  of  any  theoretic  interpretations. 

For  the  proper  study  of  the  exact  relations  of  the  complement  and 
immune  body  to  one  another  and  to  the  red  blood-corpuscles,  it  was 
indispensable  to  obtain  each  component  separately.  This  is  an  easy 
task  as  far  as  the  immune  body  is  concerned.  The  heating  of  the 
serum  to  55°  G.  destroys  the  complement  in  most  cases,  thus  leaving 
the  immune  body  in  the  inactive  serum  in  practically  a  pure  state.  It 
was  quite  a  difficult  task,  however,  to  obtain  the  specific  complement 
free  from  the  immune  body  and  other  complements  always  present  in 
any  serum.  The  study  of  the  ingenious  methods  invented  by  Ehrlich 
and  Morgenroth  to  throw  light  into  the  intricate  problems  is  quite 
interesting  and  instructive.  I  shall,  however,  restrict  myself  here  to 
the  relation  of  only  one  of  the  fundamental  experiments. 

A  certain  number  of  the  red  blood-corpuscles  which  were  used  for 
immunization  were  added  to  the  immune  serum  and  immediately  put 
on  ice,  where  the  mixture  remained  for  some  time ;  then,  by  means  of 
the  centrifuge  the  blood-cells  were  separated  from  the  serum  and  mixed 
with  a  proper  quantity  of  physiologic  salt  solution.  In  this  state  no 
solution  of  the  red  cells  took  place.  Neither  had  the  addition  of  inactive 
(heated)  serum  (immune  body)  any  effect ;  but  the  addition  of  normal 
serum  (complement)  led  immediately  to  hemolysis.  Then,  again,  the 
addition  of  fresh  red  blood-cells  to  the  decanted  immune  serum  cells 
caused  no  solution  of  the  blood-corpuscles ;  such  a  solution,  however, 
soon  took  place  on  further  addition  of  inactive  serum.  The  different 
phases  of  this  experiment  show  clearly  that  during  the  stay  on  ice  the 
red  blood-corpuscles  took  up  firom  the  immune  serum  all  the  immune 
bodies  and  none  of  the  complement  which  remained  in  a  pure  state  in 
the  centrifugated  immune  serum. 
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From  this  and  many  other  experiments,  the  details  of  which  cannot 
be  given  here,  Ehrlich  and  Morgenroth  conclude  that  immune  body 
and  cooiplement  exist  in  a  separate  state  within  the  immune  serum. 
The  red  blood*corpu8cles,  when  brought  in  contact  with  the  immune 
serum,  take  up  a  certain  amount  of  the  immune  body  and  form  a  firm 
union  with  it,  but  take  nothing  of  the  complement.  The  latter,  how- 
ever, is  taken  up  by  another  receptor  of  the  immune  body,  and  through 
this  connecting  link  the  zymotoxic  complement  exerts  its  dissolving 
influence  upon  the  red  cells.  Accordingly,  the  immune  body  is  pro- 
vided with  two  receptors,  a  sort  of  a  double  clamp ;  it  grasps  with  one 
of  the  receptors  the  red  cell,  and  with  the  other  binds  the  complement. 
The  immune  body,  however,  has  a  greater  affinity — at  least  within 
the  artificial  immune  serum — for  the  red  blood-corpuscles  than  for 
the  complement.  The  junction  between  immune  body  and  red  cell 
can  be  accomplished  in  a  shorter  time  and  at  a  lower  temperature  than 
that  required  for  a  successful  union  of  immune  body  and  comple- 
ment. According  to  Ehrlich's  theory  the  immune  body  is  a  recep- 
tor of  the  third  order,  which,  by  the  act  of  immunization,  has  been 
thrown  off  from  the  red  cells  into  the  blood-stream  of  the  immunized 
animal. 

In  connection  with  the  foregoing  we  should  mention  that,  according 
to  the  experiments  of  Nolf,"*^  it  is  the  stroma  and  not  the  hemoglobin 
of  the  red  corpuscles  which  binds  the  immune  body.  Furthermore, 
according  to  von  Dungern,^^  immunization  produces  only  immune 
bodies,  while  the  proportion  of  complements  which  are  normally  pres- 
ent in  the  serum  remains  unaltered. 

By  a  further  analysis  Ehrlich  and  Morgenroth  have  proved  that 
normal  hemolysis  is  similar  in  nearly  all  respects  to  the  hemolysis 
caused  by  artificial  immunization ;  the  hemolytic  body,  the  normal 
hemotoxin,  consists  also  of  the  same  two  components,  and  the  rela- 
tions to  one  another,  as  well  as  to  the  red  corpuscles,  are  the  same  as 
described  above  for  the  immunization  hemotoxin.  Normal  hemolysis  is 
nothing  else  than  a  result  of  immunization  which  has  taken  place  at 
one  time  or  another  during  the  life  of  the  animal.  Furthermore,  when 
the  normal  serum  of  one  animal  species  dissolves  the  red  blood-cor- 
puscles of  two  or  three  or  more  species  of  animals  this  serum  has  been 
found  to  contain  just  as  many  separate  specific  hemotoxins.  In  normal 
goat's  serum,  which  possessed  the  power  to  agglutinate  human  blood,  as 
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iivell  as  the  blood  of  rabbits  and  pigeons,  Malkoff  ^"^  found  that  upon  the 
addition  of  human  blood  to  the  serum,  \\'hich  was  followed  by  a  rapid 
agglutination  of  the  red  cells,  the  supernatant  serum  retained  its 
agglutinating  power  for  the  blood-corpuscles  of  the  other  two  species 
in  question.  Again,  normal  goat's  serum  dissolves  red  blood- corpuscles 
of  the  rabbit  as  well  as  those  of  the  guinea-pig.  By  adding  guinea- 
pig's  blood  to  inactive  serum,  and  then  centrifugating  it,  Ehrlicfa 
and  Morgenroth  proved  that  the  sedimented  blood-cells  contain 
the  immune  body  for  the  guinea-pig's  blood,  while  the  supernatant 
serum  contains  the  immune  body  for  the  rabbit's  blood.  By  filtra- 
tion of  normal  goat's  serum  through  a  *'  pukalla  filter,"  Ehrlich  and 
Morgenroth  established,  further,  that  the  filtrate  contains  the  en- 
tire complement  of  the  hemotoxin  for  the  guinea-pig's  blood,  while 
nearly  nothing  of  the  complement  for  the  rabbit's  blood  passes  through 
the  filter.  All  of  which  goes  to  show  that  the  normal  serum  of  the 
goat,  which  dissolves  the  blood-cells  of  two  species,  contains  separate 
immune  bodies  as  well  as  complements  for  each  species. 

Ehrlich  and  Morgenroth  have  also  studied  the  effect  of  injections  of 
blood  of  one  individual  into  another  individual  of  the  same  species. 
They  found,  in  fact,  that  the  serum  of  the  receiving  individual  exerts  a 
hemolytic  effect  upon  the  blood  of  a  limited  group  of  individuals  of 
the  same  species.  The  individuals  of  this  group,  however,  may  differ 
among  themselves  in  their  behavior  toward  the  serum  of  another  im- 
munized individual.  The  hemotoxins  affecting  the  individuals  of  the 
same  species,  Ehrlich  and  Morgenroth  term  '' isolysins,"  in  contra- 
distinction to  the  hemotoxins  affecting  those  of  another  species,  which 
they  term  "  heterolysins."  Ehrlich  and  Morgenroth  could  not  estab- 
lish the  existence  of  '' autolysins  " — i,  e.,  the  serum  of  an  animal 
which  was  treated  by  injections  with  its  own  blood  did  not  acquire  a 
dissolving  power  over  its  own  red  blood-corpuscles. 

Finally,  it  has  been  established  by  Ehrlich,  Bordet,  and  many  other 
investigators  that  by  injections  of  immune  sera,  or  normal  sera  con- 
taining specific  hemolysins,  specific  antiheviolyBins  are  produced  in  the 
serum  of  the  receiving  animal,  the  efficiency  of  which  can  be  easily 
demonstrated  in  a  quantitative  way  in  the  test-tube.  According  to 
Ehrlich  the  antibodies  enter  into  a  combination  with  the  haptophoric 
group  of  the  complement,  thus  preventing  it  from  joining  the  immune 
body  and  affecting  the  red  blood-corpuscles.     A.  Schutze  and  Paul 
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Miiller,*'  however,  report  that  in  their  experiments  the  antibodies  were 
attached  to  the  immune  bodies. 

There  are  some  diflferences  between  the  views  of  Ehrlich  and  Bordet 
which  deserve  to  be  pointed  out  briefly.  The  ferment-like  component 
of  the  hemotoxin  (Ehrlich's  complement)  is  termed  by  Bordet  and  Buch- 
ner^"^  '^  alexin,"  and  both  writers  assume  that  it  is  one  and  the  same 
proteolytic  enzyme  which  causes  all  the  specific  cases  of  hemolysis  as 
well  as  bacteriolysis.  We  have  seen  above  that  Ehrlich  assumes  the 
existence  of  a  specific  complement  (alexin)  in  each  and  every  case  of 
specific  hemolysis,  and  it  seems  to  me  that  Ehrlich 's  view  is  conclu- 
sively born  out  by  his  experiments. 

Another  point  of  difference  is  the  way  both  authors  conceive  of  the 
relation  between  the  complement  (alexin)  and  the  red  blood-corpuscles. 
Ehrlich's  view  we  have  stated  above :  the  complement  becomes  attached 
to  the  immune  body,  which  in  turn  is  attached  to  the  red  cell,  and 
hence  the  name  '*  intermediary  body  "  for  the  immune  body.  Bordet 
assumes  that  the  alexin  (complement)  directly  attacks  the  red  blood- 
corpuscle,  but  not  until  the  latter  has  been  prepared  in  a  certain 
unknown  way  by  the  immune  body,  and  hence  Bordet's  name  for  the 
latter — '*  substance  sensibila trice." 

Metschnikoff*^  terms  the  immune  body  "fixator"  and  the  comple- 
ment "  citase,"  which  latter  term  indicates  Metschnikoff's  theory  that 
the  ferment  has  its  origin  in  the  white  cells,  Paul  Miiller^  uses 
the  term  "  copula  "  for  the  immune  body. 

A  few  words  should  be  said  regarding  the  term  "immunization  "  em- 
ployed by  all  writers  for  the  different  specific  reactions  enumerated  in 
this  paper.  With  the  term  "  immunization  "  we  are  wont  to  combine 
the  conception  of  the  preparation  of  an  entire  complex  organism  to 
resist  the  effects  of  an  infection  or  intoxication.  In  the  present  line  of 
studies  the  term  "immunization  "  is  employed  to  indicate  that  by  the 
repeated  invasion  of  foreign  organic  substances  a  new  element,  prob- 
ably of  cellular  origin,  is  created  in  the  blood,  by  means  of  which  the 
intruder  is  unfavorably  affected.  It  cannot  be  denied  that  in  the  ab- 
stract both  definitions  have  a  common  ground,  since  by  repeated  attacks 
multicellular  or  unicellular  organisms  acquire  offensive  powers  against 
their  assailants.  In  praxi,  however,  the  new  application  of  the  term 
*'  immunization "  is  bound  to  lead  to  some  confusion.  Here  is  an 
illustration  taken  from  my  own  experience :  in  order  to  immunize  a 
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rabbit  against  the  red  cells  of  the  guinea-pig,  I  injected  blood  of  the 
latter  animal  into  the  ear-vein  of  a  rabbit.  The  third  injection  com- 
pleted the  immunization,  and  the  serum  of  the  rabbit  dissolved  the 
red  cells  in  a  few  minutes.  This  successful  immunization,  however, 
sometimes  kills  the  rabbit.  The  stromata  of  the  dissolved  red  cells  of 
the  guinea-pig  form  thrombi  in  the  vascular  system  of  the  rabbit. 
Here  is  a  successful  immunization  which  kills  the  immunized  animal. 
The  immunization  of  a  cell  is  one  thing,  and  the  immunization  of  an 
animal  is  quite  another  thing.  It  seems,  indeed,  desirable  to  have 
for  the  unicellular  reactions  a  separate  designation,  leaving  the  term 
"  immunization  '*  for  the  acquisition  of  defensive  powers  by  the  com- 
plex organism.  However,  hemolysis  is  already  crowded  with  new 
terms,  and  I  do  not  feel  impelled  to  the  invention  of  another. 

My  Own  Experiments, 

I  am  coming  now  to  my  own  experiments.  As  stated  in  the  intro- 
duction, my  original  undertaking  was  the  state  of  the  changes  which 
alien  blood  might  undergo  by  a  temporary  stay  in  the  peritoneal  cavity 
of  the  receiving  species.  In  the  present  line  of  investigation  the  ques- 
tion was  more  precise :  Do  the  hemolytic  and  agglutinating  properties 
of  alien  serum  suffer  any  changes  by  such  a  stay  ?  This  question  can 
be  studied  in  the  test-tube  with  reasonable  expectation  of  obtaining 
precise,  quantitative  results.  But  for  that  purpose  I  had  to  employ 
serum  instead  of  blood,  and  this  serum  had  to  have  hemolytic  and 
agglutinating  properties,  which  not  all  sera  possess.  In  my  previous 
experiments  I  tested  the  effect  of  bull's  blood  upon  rabbits.  The 
preliminary  work  in  my  present  experiment  was,  therefore,  to  estab- 
lish the  effects  of  bull's  serum  upon  the  red  blood-corpuscles  of  the 
rabbit.  As  far  as  I  can  see,  there  are  no  statements  regarding  this 
point  in  the  recent  literature  on  hemolysis.  It  will  be,  therefore,  not 
out  of  place  to  give  here  a  brief  account  of  the  results  of  my  pre- 
liminary experiments. 

Agglutinating  Power  of  Normal  Bull's  Serum.  Regarding 
agglutination,  the  statement  can  be  very  brief.  In  the  numerous 
tests  I  have  made  I  have  never  observed  that  normal  bull's  serum 
exerts  any  agglutinating  influence  upon  the  red  blood-corpuscles  of 
the  rabbit. 
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Hemolytic  Power  op  Normal  Bull's  Serum.  It  is  different, 
however,  with  hemolysis.  BuIFs  serum  dissolves  the  rabbit's  red 
cells.  Before  going  into  particulars  I  have  to  say  a  few  words  re- 
garding the  method  I  have  employed.  Fresh  defibrinated  rabbit's 
blood  was  employed,  and  always  diluted  1 :  10  of  0.85  per  cent, 
salt  solution.  Two  c.c.  of  this  diluted  blood  was  put  into  a  narrow 
test-tube  and  a  variable  quantity  of  fresh  bull's  serum  was  added. 
The  test-tubes  were  then  kept  either  in  the  thermostat  at  87^  C.  or 
at  room-temperature,  and  then  the  degree  of  the  eventual  solution 
and  the  time  of  its  appearance  were  noted. 

As  stated  above,  the  red  blood-cells  of  the  rabbit  are  promptly  dis- 
solved by  bull's  serum.  The  degree  of  the  hemolytic  effect  varies  with 
each  individual  from  which  the  serum  has  been  obtained — a  condition 
i^hich  bull's  serum  shares  ^ith  many  other  normal  hemolytic  sera.  The 
variation,  however,  in  our  case  was  confined  to  narrow  limits.  0.5  c.c. 
of  the  weakest  bull's  serum  dissolved  2  c.c.  of  rabbit's  blood  (1  :  10) 
in  one  hour  at  room-temperature,  while  there  were  bull's  sera  0.2  c.c. 
of  which  dissolved  in  the  same  quantity  of  rabbit's  blood  within  ten 
minutes,  also  at  room-temperature.  Higher  temperatures,  of  course, 
hastened  the  solution  in  every  case.  By  the  term  "solution"  I 
mean  that  the  blood  became  laky,  perfectly  translucent,  with  no  sedi- 
ment; the  stromata,  however,  could  be  seen  as  a  fine,  flocculent 
suspension  ;  shaking  the  test-tube  could  not  alter  the  condition. 

Heating  the  serum  to  55°  C.  had  hardly  any  influence.  To  deprive 
the  serum  of  its  hemolytic  power,  it  was  necessary  to  keep  it  at  57° 
to  58°  G.  for  at  least  fifty  minutes. 

The  serum  lost  its  hemolytic  power  when  kept  at  room-temperature 
for  ten  to  fourteen  days.  At  a  low  temperature  the  hemolytic  power 
was  preserved  much  longer. 

The  hemolytic  property  of  bull's  serum  differs  from  that  of  many 
other  hemolytic  sera  with  regard  to  regeneration ;  of  this,  however, 
we  shall  have  to  speak  later. 

Influence  of  a  Sojourn  of  Bull's  Serum  in  the  Peritoneal 
Cavity.  After  this  preliminary  statement  I  can  now  turn  to  the 
problem  in  hand.  The  chief  result  can  be  briefly  stated:  When 
normal  fresh  bulVs  serum  is  brought  into  the  peritoneal  cavity  of  a 
rabbit  and  left  therefor  three  hours  the  recovered  serum  is  found  to 
have  lost  all  or  most  of  its  hemolytic  potver.     The  loss  is  less  when 
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the  sojourn  is  shorter.  It  is  impossible  to  keep  the  serum  in  the 
abdominal  cavity  much  longer  than  three  hours,  for  the  animal  usually 
dies  after  three  and  one-half  hours. 

In  most  of  the  experiments  a  part  of  the  serum  was  absorbed  during 
its  sojourn  in  the  peritoneal  cavity.  I  saw,  however,  two  animals  from 
which  I  recovered  after  three  hours  more  fluid  than  I  had  introduced. 
In  neither  of  these  cases  was  there  any  difference  regarding  the  loss 
of  the  hemolytic  power.  In  two  experiments  in  which  I  found  the 
hemolytic  power  only  considerably  reduced  I  introduced  the  recov- 
ered serum  into  the  peritoneal  cavity  of  another  rabbit,  and  removed 
it  again  after  fifteen  minutes ;  the  serum  was  now  found  to  possess  no 
hemolytic  power  whatsoever.  On  the  strength  of  these  observations 
we  can  base  the  following  statements:  The  normal  hemolytic  power 
of  bull's  serum  for  red  blood-corpuscles  of  the  rabbit  disappears  dur- 
ing a  stay  in  the  peritoneal  cavity  of  this  animal ;  the  disappearance 
is  the  greater  the  longer  the  sojourn,  and  is  independent  of  the  absorp- 
tion of  the  fluid;  disappearance  takes  place  even  during  the  first 
fifteen  minutes. 

I  will  describe  a  few  notes  for  illustration  : 


} 


21°  C. 


la.  2  c.c.  rabbit's  bl.  +  0.5  c  c.  nor.  bull's  ser.  ==-  after  50  mln.    Clear  soluaon 

lb.  2  CO.  "         +0.5C.C.  per.  "       =  slightly  dissolved  above  dark  f    19°  C. 

sediment  after  17  hours 
2a.  2  C.C.  "         +  0.5  C.C.  nor.  "       =  in  a  few  minutes  perfectly  1    in  ther- 

laky  ]■    ^^« 

2b.  2  C.C.  •*         -I- 0.5c.cper.         •*       =  alter  24  hours  undissolved 

Sa.  2  c.c.  "         +  0  5  c.c.  nor.         "       =  after  10  minutes  dissolved 

3b.  2  c.c.  "        +0.ftc.c.  per.  "       =  after  70  minutes  very  slight 

solution 
after  nine  hours  quite  laky, 

black  deposit 
8c.  2  c.c.  "         +0.5  c.c.  per.  per.*  bull's  ser.  ==  after  9  hours  no  change 

whatsover 

Absence  of  Hemolysis  not  Due  to  Antihemolysin.  What  is 
the  nature  of  this  change  in  the  hemolytic  power  which  takes  place  in 
the  peritoneal  cavity  ?  The  disappearance  of  the  hemolytic  power  may 
be  due  either  to  the  subtraction  of  one  of  the  components  of  hemolysis 
or  to  the  addition  of  antihemolysin.  I  shall  discuss  the  last  proposition 
first.  I  tested  it  by  determining  the  minimum  quantity  of  normal  bull's 
serum  which  still  dissolves  fairly  distinct  in  a  reasonable  time,  and 

*  Per.  per.  means  that  the  peritoneal  serum  was  transferred  into  the  peritoneal  cavity  of 
another  rabbit  for  fifteen  minutes. 
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then  adding  to  it  peritoneal  bull's  serum.  The  outcome  was  nega- 
tive. Even  the  addition  of  1  c.c.  of  the  peritoneal  bull's  serum  had 
no  visible  influence  upon  the  hemolytic  effect  of  the  predetermined 
minimum  of  the  normal  bull's  serum.  I  have  also  washed  out  the 
normal  peritoneal  cavity  with  physiologic  s«alt  solution  and  tested  the 
fluid  for  antihemolysin,  with  a  negative  result. 

Disappearance  of  Hemolytic  Power  in  the  Peritoneal 
Cavity  of  a  Dead  Animal.  Moreover,  the  following  interesting 
fuct  speaks  also  against  the  assumption  that  the  loss  of  hemolytic 
power  within  the  abdominal  cavity  is  due  to  an  addition  of  some 
factor.  I  have  repeatedly  established  that  the  hemolytic  effect  dis- 
appears also  when  the  bull's  serum  is  kept  for  a  few  hours  in  the 
peritoneal  cavity  of  a  dead  rabbit.  The  loss  is  somewhat  smaller 
than  that  which  takes  place  in  the  living  animal.  Now,  it  is  not  very 
probable  that  a  secretion  of  an  antihemolysin  takes  place  in  the  peri- 
toneal cavity  of  a  dead  animal  I  That  absorption  of  fluid  from  the 
peritoneal  cavity  takes  place  also  in  a  dead  animal  we  know  from 
the  experiments  of  Hamburger^^  and  of  Adler  and  myself.*^  With 
the  definition  of  absorption,  as  it  was  given  by  Adler  and  myself,  the 
process  is  easily  understood.  We  divide  absorption  into  two  phases : 
The  first  phase  is  the  entrance  of  fluid  from  the  peritoneal  cavity  into 
the  interstitial  spaces;  the  second  phase  is  the  entrance  of  the  fluid 
from  the  interstitial  spaces  into  the  blood-stream.  The  latter  phase 
does  not  occur  in  the  dead  animal,  as  there  is  no  blood-stream.  The 
first  phase  is  affected  chiefly  by  imbibition,  a  process  which  takes 
place  also  in  dead  tissue.  Therefore,  the  entrance  of  the  whole  fluid, 
or  part  of  it,  from  the  peritoneal  cavity  into  the  surrounding  inter- 
stitial tissue  can  and  does  take  place  also  in  dead  animals. 

The  disappearance  of  hemolytic  power  of  the  serum  from  the  peri- 
toneal cavity  is  apparently  due  to  a  subtraction,  to  an  absorption  of 
one  of  the  components  of  hemolysis.  But  which  of  the  components 
is  it,  the  immune  body  or  the  complement  ?  Regarding  the  immune 
body  the  determination  was  easy.  Bull's  serum  heated  at  57^  C.  for 
one  hour,  as  a  result  of  which  it  becomes  inactive  (immune  body),  was 
added  to  the  inactive  peritoneal  serum,  and  both  were  added  in  suffi- 
cient quantities  to  rabbit's  blood.  It  had  no  influence.  It  is,  there- 
fore, not  the  immune  body  which  becomes  absorbed  in  the  peritoneal 
cavity. 
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It  would  thus  appear  that  it  could  be  only  the  complemeut  which 
became  absorbed.  However,  the  test  was  disappointing.  Following 
the  lead  of  Bordet,  Ehrlich,  etc.,  I  have  tried  to  regenerate  the  inac- 
tive peritoneal  serum  by  the  addition  of  normal  serum.  I  have  tried 
fresh  normal  serum  of  the  rabbit,  guinea-pig,  and  sheep.  I  have  tried 
horse  serum,*  which  is  said  to  be  rich  in  various  complements — 
but  all  failed.  I  followed  out  the  suggestion  of  Delezenne"  and  ob- 
tained by  centrifugation  of  rabbit's  blood  fresh  serum  ready  for  use 
half  an  hour  after  the  blood  was  drawn,  but  all  in  vain.  So  far  I 
have  not  succeeded  by  the  addition  of  any  normal  serum  in  regener- 
ating the  peritoneal  serum. 

Inactive  Bull's  Serum  cannot  be  Regenerated.  However, 
the  failure  to  regenerate  by  normal  serum  does  not  necessarily  indi- 
cate that  it  is  not  the  loss  of  the  complement  which  made  the  peri- 
toneal serum  inactive.  According  to  universal  experience  the  inac- 
tivity of  the  heated  serum  is  surely  due  to  the  destruction  of  the 
complement.  Nevertheless,  I  did  not  succeed  in  regenerating  heated 
bull's  serum  by  any  normal  serum.  Neither  could  I  regenerate  bull's 
serum  which  had  become  inactive  by  standing  fourteen  days  at  room- 
temperature. 

It  is  a  singular  and  interesting  fact,  that  the  hemolytic  force  of 
normal  bull's  serum  when  once  made  inactive  cannot  be  regenerated, 
at  least  not  by  the  usual  methods.  The  only  other  similar  exception 
I  know  of  is  that  of  eel's  serum,  of  which  Ehrlich  and  Morgenroth** 
report  that  if  it  is  once  made  inactive  (by  heating  it  fifteen  minutes 
at  54°  C.)  it  cannot  be  made  effective  again. 

Effect  of  the  Peritoneal  Cavity  upon  Immune  Serum.  The 
next  step  in  the  line  of  my  investigation  was  the  inquiry  whether  im- 
mune serum  also  becomes  inactive  by  a  temporary  stay  in  the  peri- 
toneal cavity.  I  selected  for  my  study  the  serum  of  rabbits  immunized 
by  guinea-pig's  blood.  To  save  material  and  time  I  immunized  the 
rabbits  by  injecting  guinea-pig's  blood  into  the  circulation  through 
the  ear-veins.  I  shall  record  here  a  few  observations  which  I  have 
not  seen  reported  elsewhere.  I  used  for  each  injection  only  1.5  c.c. 
of  the  blood,  repeating  them  at  intervals  of  five  to  six  days.  I  could 
never  make  more  than  three  injections — a  fourth  injection  was  sure 

*  I  wish  to  thank  Dr.  William  H.  Park,  who  kindly  provided  me  with  horee  seram. 
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to  kill  the  animals ;  they  usually  died  under  convulsions  within  four 
to  five  minutes  after  the  injection.  They  die  sometimes  even  soon 
after  the  third  injection^  and^  therefore,  one  must,  when  the  third 
immunizing  injection  is  made,  be  ready  to  obtain  the  blood  if  one  is 
not  to  lose  the  experiment.  Intravenous  injection  of  blood  into  nn 
animal  against  which  it  is  already  immunized  kills  the  animal,  prob- 
ably through  the  formation  of  thrombi  in  vital  points,  either  by  the 
agglutinated  foreign  blood-cells  or  by  the  masses  of  the  stromata  from 
the  dissolved  red  cells. 

Before  making  the  second  or  third  injection  I  often  obtained  some 
blood  from  the  ear-vein  of  the  rabbit  and  tested  the  effect  of  the 
serum  upon  the  blood-cells  of  the  guinea-pig.  I  thus  observed  that 
agglutination  of  the  red  blood- corpuscles  was  the  first  effect  which 
appeared  in  the  serum  of  the  immunized  animal.  It  appeared  some- 
times even  after  the  first  injection,  while  there  was  as  yet  no  sign  of 
hemolysis.  After  more  injections,  when  the  hemolytic  effect  became 
intense  and  rapid,  the  process  of  agglutination  could  hardly  be  ob- 
served. In  some  cases,  moreover,  both  phenomena  were  distinctly 
present. 

In  these  cases  the  agglutinating  effect  starts  immediately  on  the 
addition  of  the  serum  to  the  blood,  and  soon  dense  red  masses  are 
seen  to  accumulate  at  the  bottom  of  the  test-tube,  in  which  the 
hemolytic  process  progresses  quite  slowly.  Heating  the  serum  for 
thirty  minutes  at  55°  C.  destroys  hemolysis,  but  not  agglutination. 
By  this  means  the  process  of  agglutination  can  be  made  visible  even 
in  cases  in  which  the  process  of  agglutination  could  hardly  be  ob- 
served. 

We  come  now  again  to  our  leading  experiment.  Serum  of  an  im- 
munized rabbit  was  introduced  into  the  peritoneal  cavity,  of  a  normal 
rabbit,  left  there  for  three  hours  and  then  recovered.  Such  peri- 
toneal serum,  when  added  to  guinea-pig*s  blood,  agglutinated  it,  but 
caused  no  hemolysis  whatsoever.  Addition  of  immunized  rabbit's 
serum,  made  inactive  by  heating,  to  peritoneal  serum  had  no  regen- 
erating efiect.  But  the  addition  of  fresh  normal  rabbit's  serum  to  the 
immunized  peritoneal  serum  regenerated  it  completely ;  the  mixture 
of  both  sera  dissolved  guinea-pig's  blood  as  readily  as  the  active  im- 
munized serum  alone.  The  following  notes  of  the  experiments  are 
illustrative : 
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4a.  2  c.c.    g.-p.  bl."  +0.5;  "C.  Im.  ser."     —  dissolvedin  a  few  minutes. 

4b.  2  "  "         4-  0.5    •'  per.  im.  ser."  -=  after  eight  hours  undissolved. 

4c.   2   "  "  f  0.5    "Im.  ser.  55"     =- after  eight  hours  undissolved. 

4d.  2   "  "         -t-  0.5    "per.  im.  ser."  +  1.0  "fr.  rab.  ser."  =  dissolved  in  a  few 

minutes. 
4e.    2   "  *'         -f  0.5     "im.  ser.  55"     +  I.O  "  fr.  rab.  ser."  =  dissolved  in  a  few 

minutes.* 

There  was  prompt  agglutination  in  every  one  of  the  five  tests. 

These  experiments  teach  us  that  immunized  serum  also,  when  kept 
for  a  few  hours  in  the  peritoneal  cavity,  becomes  inactive.  But  here 
we  have  seen  that  on  the  addition  of  fresh  serum  of  a  normal  rabbit  it 
becomes  active  again,  and  this  furnishes  us  with  the  looked-for  proof 
that  the  loss  of  the  hemolytic  power  in  the  peritoaeal  cavity  is  due  to 
the  disappearance  of  the  complement  from  the  remaining  fluid  in  the 
peritoneal  cavity.  Agglutination  does  not  seem  to  become  visibly 
affected  by  a  stay  in  the  peritoneal  cavity. 

Chief  Conclusions.  Normal  and  immunized  sera  lose  their  he- 
molytic power  during  a  prolonged  stay  in  the  peritoneal  cavity.  The 
loss  is  due  to  the  disappearance  of  the  toxic  component,  the  comple- 
ment of  Ehrlich,  or  the  alexin  of  Bordet  and  Buchner.  The  disap- 
pearance means  absorption,  and  the  disappearance  of  the  complement 
in  a  much  greater  proportion  than  the  balance  of  the  fluid  means  elec- 
tive absorption.  However,  as  this  elective  absorption  takes  place  also 
in  a  dead  animal,  it  cannot  be  a  vital  phenomenon  ;  it  is  rather  prob- 
able that  it  has  its  explanation  in  some  laws  of  osmosis  and  imbibition. 
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In  1899  one  of  us  (Mitchell)  reported  to  this  Association  a  study 
of  a  case  of  family  periodic  paralysis.  The  present  is  a  brief  state- 
ment of  two  other  unpublished  cases  of  the  same  disease  and  the 
results  of  minute  study  of  the  blood,  urinary,  and  gastric  conditions 
in  them,  and  also  in  the  individual  furnishing  the  material  for  the 
paper  presented  in  1899  : 

Case  I. — Mrs.  A.,  born  in  the  United  States,  aged  thirty-five  years,  is  an 
only  child.  Her  father  hnd  the  same  periodic  attacks  from  childhood,  but 
grew  better  as  he  grew  older.  He  died  of  phthisis  at  forty  years  of  age.  A 
paternal  uncle  was  also  subject  to  them  ;  the  first  attack  of  the  two  brothers 
occurred  in  childhood  and  on  the  same  day.  No  other  cases  have  been 
known  in  the  family  except  those  hereafter  to  be  described.  Mrs.  A.  had 
her  first  seizure  at  four  years  of  age,  but  few  afterward  until  her  thirteenth 
year,  since  which  time  they  have  been  of  frequent  but  irregular  occurrence. 
Her  general  health  is  poor,  and  she  bears  evidence  of  a  healed  tubercular 
process  at  the  right  apex.  She  never  has  ordinary  indigestion,  although  she 
suffers  from  the  paralytic  seizures  if  she  eats  too  largely  or  of  too  rich  or 
sweet  food,  especially  the  last. 

Examination,  A  slight,  thin  woman,  somewhat  anemic  in  appearance; 
weight,  92  pounds.  Except  for  an  impaired  resonance  at  the  apex  of  the 
right  lung,  with  high-pitched  inspiration  and  prolonged  expiration,  there  is 
no  abnormality  noticeable  in  the  physical  examination. 

The  knee-jerks  are  small,  capricious,  readily  reinforcible ;  arm-jerks  and 
elbow-jerks  normal;  pupillary  reflexes  normal;  other  reflexes  unaltered. 
Station  good,  general  sensibility  wholly  unimpaired.  The  patient's  rather 
anemic  appearance  was  borne  out  by  the  blood-count. 

When  seen  in  an  attack  the  symptoms  were  those  of  a  typical  case  of 
periodic  paralysis  of  a  not  very  severe  sort.    The  beginning  is  usually  in  the 
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evening;  sometimes  soon  after  the  evening  meal,  sometimes  later,  she  begins 
to  have  a  sense  of  stiffness  with  weakness  in  the  legs,  which  gradually  in- 
creases until  she  walks  or  rises  from  a  chair  with  great  diflScultj.  The 
anterior  thigh  muscles  are  most  and  earliest  affected,  so  that  in  an  attack, 
even  of  slight  degree,  she  cannot  go  up  stairs  at  all.  There  is  no  warning  of 
the  onset,  no  pain  or  soreness,  no  objective  rigidity ;  often  she  is  unaware  of 
the  beginning  of  a  seizure  until  she  attempts  a  movement.  The  extent  of 
impairment  varies  from  slight  weakness  to  almost  total  paralysis.  Usually 
the  arms  are  but  little  affected,  but  in  the  severer  attacks  they  suffer  nearly 
as  much  as  the  legs,  but  they  are  never  attacked  separately  from  the  legs. 
Sometimes  she  wakes  in  the  night  to  find  herself  completely  paralyzed.  The 
sphincters  are  not  involved. 

The  decline,  like  the  onset,  is  gradual.  She  seldom  has  more  than  one 
attack  in  twenty-four  hours.  If  the  seizure  is  severe  she  is  quite  certain  to 
be  free  from  any  trouble  for  the  day  following  it. 

The  attacks  ccn  be  readily  induced  by  eating  sweets,  notably  chocolate. 
They  are  worse  if  she  permits  herself  to  become  very  constipated.  They  are 
increased  in  severity,  if  not  brought  on,  by  nervous  or  mental  fatigue  and 
worry,  but  she  states  distinctly  that  they  are  not  made  worse  by  bodily  exer- 
cise, even  to  the  point  of  fatigue.  Indeed,  both  she  and  her  daughter  assert 
that  if  they  perceive  a  seizure  approaching  they  can  "  walk  it  off."  A  number 
of  spells  were  observed  while  she  was  under  treatment,  differing  only  in  the 
extent  and  degree  of  the  paralysis,  which  was  sometimes  total  below  the 
waist  at  the  height  of  the  attack,  sometimes  involving  the  arms  in  a  less 
degree,  sometimes  not  weakening  them  at  all,  and  sometimes  affecting  them 
equally  with  the  legs.  The  appearance  of  the  patient  is  very  little  changed 
during  an  attack,  unless  it  be  a  very  marked  one ;  in  that  case  she  looks 
paler  than  usual,  her  circulation  is  somewhat  below  its  normal  force,  her 
tongue  coated.  There  is  no  heart  murmur,  such  as  is  present  in  Case  III. 
The  power  to  swallow  is  unaltered,  but  she  cannot  take  a  full  breath  or 
cough  voluntarily. 

The  knee-jerk  and  the  various  superficial  and  deep  reflexes  peculiar  to  the 
areas  affected  disappear  altogether  during  the  attacks.  Direct  muscle  stimu- 
lation does  not  cause  contraction.  Electric  contractility  is  abolished  in 
the  severe  attacks,  or  at  least  is  so  reduced  that  nothing  short  of  a  violently 
painful  current  will  produce  muscular  reaction ;  when  any  effect  can  be  had 
CA  CI  C  is  always  greater  than  AN  CI  C.  In  the  slighter  seizures  there  is 
only  some  impairment  of  contractility. 

Case  II. — Miss  A.  A.,  daughter  of  the  above  patient,  aged  thirteen  years, 
also  an  only  child,  is  the  fourth  instance  of  the  palsy  in  this  family.  She  is 
a  well-made,  ruddy  girl,  much  more  strongly  built  than  her  mother.  At  six 
years  of  age  she  suffered  her  first  seizure  of  the  family  disorder,  supposed  to 
be  brought  on  by  improper  food  and  overexertion.  She  remained  free  after- 
ward for  about  three  years,  when  she  had  another  '*  fit,''  and  soon  after  began 
to  have  them  every  three  months,  always  at  night,  like  her  mother.     In 
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August,  1900,  her  first  meDsee  appeared,  afler  nbich  she  bad  attacka  fre- 
quently for  three  week*.  When  first  seen  {October  20, 1900)  she  was  having 
about  two  a  week.  The  onset  and  decline  are  both  gradual,  aa  in  the  motbeT. 
She  has  never  been  completely  paralyzed,  the  enfeeblement  being  usually 
limited  to  the  lege,  and  amounting  to  great  weakness  and  a  eense  of  stifTen- 
ing.  The  arms  have  rarely  been  involved  at  all,  and  never  nnleas  the  legi 
were  affected,  and  the  whole  attack  is  much  leas  severe  than  in  Case  I. 
Sensation  is  not  altered  during  the  attacks.  There  is  no  heart  mnrmur. 
The  mental  functions  are  in  no  way  disturbed  in  either  patient.  The  mothw 
is  worse  just  previous  to  her  menaCruation  ;  the  girl  has  her  worse  attacks 
during  that  period. 

The  electric  statement  made  for  the  mother  will  answer  for  the  daughter 
—namely,  that  there  is  an  impairment  of  all  forms  of  contractility  during 
the  paralysis. 

The  girl  is  not  anemic.  The  urine  in  both  patients  during  an  attack  is 
scanty,  loaded  with  urates  and  uric  acid,  and  of  extremely  high  acidity,  but 
otherwise  normal  to  ordinary  examination.  On  one  occasion  a  faint  trace  of 
albumin  was  found  in  the  girl's  urine  during  an  interval. 

Case  III. — C.  J.,  now  twenty-one  years  of  age,  was  fully  reported  two  years 
ago.  His  first  attack  occurred  in  bis  thirteenth  year,  and  he  is  the  fifth 
person  in  three  generations  of  his  family  known  b>  have  suffered  with  these 
seizures — viz.;  his  mother,  his  maternal  grandfather,  a  maternal  uncle,  and  a 
maternal  first  cousin  (a  girl  of  fifteen  years).  The  attacks  have  happened 
since  their  original  onset  in  steadily  increasing  numbers.  When  he  was  seen 
in  October,  1898,  they  had  returned  with  remarkable  regularity  about  once 
a  week  for  some  weeks.  They  were  somewhat  irregular  while  under  treat- 
ment in  the  Infirmary  for  Nervous  Diseases,  but  since  he  left  the  hospital  in 
the  spring  of  1899  they  have  re-eetnbliehed  about  the  same  periodicity. 

If  there  is  any  difference  between  the  attacks  at  the  present  moment  and 
those  occurring  three  years  ago,  they  are  now  somewhat  more  severe  and 
more  prolonged  than  they  were  then.  They  still  usually  begin  at  night,  per- 
haps with  some  precedent  warning  in  the  shape  of  a  slight  weaknesB  of  the 
legs  in  the  afternoon  or  evening.  The  only  difference  in  the  eymptoms  is 
that  the  heart  murmur,  at  that  time  heard  only  in  the  attacks,  is  now  con- 
stant. This  is  a  systolic  murmur  limited  to  the  pulmonary  area  and  trans- 
mitted somewhat  up  and  down  the  left  side  of  the  sternum,  and  a  split 
second  sound  beard  best  at  the  second  interspace,  lessening  io  intensiij 
toward  the  apex.    No  alteration  in  the  outline  of  the  heart  is  demonstrable 

ranee  during  an  attack  is  peculiar.  He  becomes  pale, 
color;  his  tongue  is  coated,  his  breath  heavy  smelling 
has  no  desire  Io  take  food,  and  experiences  some  diffi- 
There  is  a  question  of  whether  the  involuntary  muscles 
ary  are  affected,  aa  he  cannot  take  a  long  breath  or  cough 
■ouble  in  voiding  urine,  though  these  difficulties  may  be 
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wholly  due  to  the  palsy  of  the  volantary  muscles.  Patellar,  abdominal,  testic- 
ular, and  elbow  reflexes  are  abolished,  the  electric  reactions  entirely  lost  to 
€Tery  form  of  stimulation  short  of  a  dangerous  and  painful  current  while 
the  paralysis  lasts.  When  he  begins  to  improve  the  attack  passes  off  very 
rapidly,  so  that  in  half  an  hour  or  less  he  becomes  entirely  able  to  get 
about,  his  refiexes  and  muscular  reactions  are  regained,  and  he  feels  perfectly 
well  except  for  slight  muscular  soreness. 

It  has  been  noted  this  time  that  the  impairment,  if  not  the  loss,  of  the 
knee-jerk  seems  to  persist  for  hours  after  he  has  begun  to  improve  in  other 
respects,  and  it  sometimes  has  been  difficult  to  elicit  even  when  he  was  able 
to  be  up  and  walk  about  the  ward.  The  young  man  himself  describes  the 
attacks  as  at  present  more  complete  and  lasting  somewhat  longer  than  has 
previously  been  the  case,  the  duration,  formerly  twenty-four  to  thirty-six 
hours,  being  now  usually  forty-eight,  and  occasionally  even  longer. 

Mrs.A .,  an  intelligent,  well-educated  woman,  had  made  for  herself 
the  interesting  observation  that  potassium  citrate  in  good-sized  doses 
would  cut  short  an  attack.  This  together  with  the  extremely  acid 
urines  of  Gases  I.  and  II.  suggested  a  study  of  the  alkalinity  of  the 
blood  and  urine,  and  at  first  we  thought  we  had  secured  interesting 
results,  which  have,  however,  not  been  confirmed  by  subsequent  study. 
We  will  describe  these  results  in  more  detail  later. 

We  examined  also  the  effects  upon  rabbits  of  injection  of  blood- 
serum  from  Case  I.  Our  intention  was  to  inject  serum  taken  during 
a  paralytic  period  and  endeavor  to  discover  if  any  effect  were  pro- 
duced by  it  upon  the  knee-jerk  in  rabbits. 

Forty  c.c.  of  blood  was  drawn  from  the  median  basilic  vein  of 
Mrs.  A.  by  a  sterile  syringe  and  placed  on  ice  in  sterile  vials.  Forty- 
eight  hours  later  it  was  centrifugal i zed  to  separate  the  serum  com- 
pletely. 

After  some  work  to  determine  a  sort  of  normal  curve  of  knee-jerk 
in  the  rabbit,  4  c.c.  of  the  serum  was  given  into  an  ear- vein  of  a 
rabbit  and  a  series  of  tracings  made  of  the  knee-jerk,  as  elicited  at 
intervals,  for  forty-eight  minutes  after.  No  effect  upon  the  knee-jerk 
could  be  observed. 

A  second  injection  of  3  c.c.  was  given  to  the  same  rabbit  a  little 
over  an  hour  after  the  first.  Tracings  made  five,  twenty,  and  twenty- 
eight  minutes  after  showed  no  decided  change  from  the  normal  record. 
When  forty  minutes  had  elapsed  the  knee-jerk  seemed  more  irritable 
than  normal.  Much  muscle  tremor  was  noticeable,  and  somewhat 
interfered  with  the  clearness  of  the  tracings. 
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It  was  curious  to  note  that  crossed  reflex  was  verv  constant  in  both 
the  rabbits  used.  The  injected  rabbit  was  found  dead  the  next  morn- 
ing. The  lethal  dose  of  human  serum  for  the  rabbit  may  be  below 
1  per  cent,  of  body- weight;  a  dose  of  normal  serum  of  the  same  size 
would  probably  have  destroyed  him  in  the  same  time. 

A  second  series  of  experiments  was  made  ten  days  later  with  blood 
drawn  during  another  and  much  more  severe  attack.  The  patient's 
blood  on  both  occasions  flowed  very  badly,  and  it  was  necessary  to 
introduce  the  needle  a  second  time  into  another  vein  to  secure  the 
desired  amount. 

Injections  were  made  into  rabbits  in  (1)  the  femoral  artery,  the 
vein  being  ligated.  No  diffierence  could  be  noted  between  tracings 
made  before  and  after  the  injection  or  between  reflex  upon  the  injected 
and  that  upon  the  untouched  side.  (2)  Into  the  anterior  thigh 
muscles ;  no  effect.  (8)  After  trephining  an  injection  was  made  under 
the  cerebral  meninges.  No  eff*ect  upon  the  knee-jerk  could  be  dis- 
covered an  hour  later.  (4)  Serum  injected  into  the  spinal  canal  in 
the  lumbar  region  at  two  different  levels ;  no  effect.  (5)  Injection 
into  the  sheath  of  the  left  sciatic  nerve.  A  trifling  increase  of  knee- 
jerk  was  observed  twenty  minutes  later,  probably  due  to  irritation 
from  the  operation  of  exposing  the  nerve  sheath. 

These  experiments  (given  only  in  outline)  were  wholly  inconclusive, 
and  not  in  any  way  satisfactory.  We  think  it  possible  that  rabbits 
were  not  the  best  subjects,  and  that  animals  with  digestive  tracts  and 
food  habits  more  nearly  approaching  the  human  type  would  be  more 
suitable,  and  perhaps  give  results  of  more  value. 

It  is,  however,  interesting  that  the  few  trials  undertaken  confirm 
the  negative  results  of  the  attempts  of  one  of  us  (Mitchell)  to  find 
toxic  qualities  in  the  blood  or  urine  of  Case  III.  when  previously 
studied  in  1898-99. 

Blood  examinations  were  made  in  Case  I.  to  determine  the  alka- 
linity of  the  blood.  Only  two  determinations  could  be  made— one 
during  the  attack  and  one  during  the  interval.  In  both  of  these 
Lowy's  method  was  used.  The  woman  showed  in  the  interval  an 
alkalinity  equivalent  to  464  mg.  of  soda;  during  the  attack  the  alka- 
linity was  224  mg.  The  former  figure  is  distinctly  high,  but  the  lat- 
ter  not  unusually  low,  or,  at  least,  not  low  enough  to  be  considered 
indicative  of  an  acid  intoxication.     She  had  been  using  alkalies  in- 
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ternally  in  full  doses  until  forty-eight  hours  before  the  first  estima- 
tion ;  possibly  the  high  alkalinity  was  due  to  this,  and  the  second 
figure  represents  more  nearly  the  patient's  normal. 

In  the  second  patient  no  examination  of  the  blood  was  made.  In 
the  third  the  examination  in  three  attacks  practically  showed  no  difier- 
«nce  in  the  alkalinity,  the  figures  being  respectively  512  in  an  attack, 
in  the  interval  496,  and  in  the  next  attack  504 — all  somewhat  high 
figures. 

The  urine  in  Cases  I.  and  II.  during  an  attack  showed  a  condition 
of  such  marked  acidity  as  to  suggest  the  need  of  more  minute  study  of 
the  alkalinity  of  the  urine.  Accordingly  it  was  carefully  investi- 
gated for  acetone,  diacetic  acid,  and  lactic  acid.  The  results  were 
negative  in  all  these  examinations. 

More  important  negative  results  still  were  obtained  from  the  estima- 
tion of  the  ammonia  of  the  urine  in  Case  III.  The  figures  for  twenty- 
four  hours  never  passed  1}  grams  of  NH,  except  in  one  instance,  when 
over  three  grams  were  passed,  and  this  latter  was  a  doubtful  exami- 
nation owing  to  some  carelessness  in  the  preservation  of  the  urine  on 
that  day.  The  ammonia  (NH3)  was  estimated  through  five  attacks 
and  their  corresponding  intervals.  Preceding  the  first  attack  in 
which  this  was  done,  the  figures  for  several  days  were  astonishingly 
low  considering  his  diet.  The  urine  contained  only  about  100  mg.  of 
ammonia,  or  even  less — a  low  figure.  Since  muscle  metabolism  would 
seem  to  be  an  important  source  of  the  acids  produced  in  the  body,  and 
is  probably,  indeed,  the  chief  source,  the  low  ammonia  figures  sug- 
gested that  there  might  be  decided  qualitative  and  quantitative  altera- 
tions in  muscle  metabolism  as  well  before  as  during  the  attack. 

Tests  of  the  toxicity  of  the  urinary  secretion  were  made  during  the 
height  of  an  attack,  and  the  blood-serum  taken  during  the  same  attack 
was  tried  at  the  same  time.  In  neither  substance  could  an  increase 
of  toxicity  be  demonstrated,  rabbits  surviving  the  injections  without 
any  apparent  effects. 

The  examination  of  the  stomach  contents  of  Case  I.  on  two  occa- 
sions during  severe  seizures  gave  one  curious  result,  viz.,  even  starch 
digestion  was  not  proceeding,  and  there  was  a  total  anacidity,  showing 
the  whole  digestive  process  to  be  absolutely  at  a  standstill,  and  the 
gastric  motor  power  diminished  or  abolished  for  the  time. 

The  low  ammonia  content  of  the  urine  suggested  to  Dr.  Edsall  to 
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make  daily  estimations  of  the  kreatinin  excretion,  hoping  thus  to 
discover  something  of  the  causation  of  the  disorder.  The  Neubauer- 
Salkowski  method  was  used  in  all  the  determinations. 

Our  knowledge  of  variations  in  the  excretion  of  this  substance  is 
not  great.  Normally  on  mixed  diet  the  excretion  usually  runs  be- 
tween 700  mg.  and  1  gm.  In  muscular  dystrophies,  extensive  par- 
alysis, and  other  conditions  in  which  the  activity  of  the  muscles  or 
their  bulk  is  largely  reduced  the  excretion  is  much  below  the  normal, 
while  during  the  process  of  wasting  of  muscles,  as  in  cachexias,  and 
also  after  severe  over-exercise^  the  amount  increases.  Diet  also  in- 
fluences the  excretion  largely,  and,  further,  very  severe  anemias  are 
accompanied  by  an  extremely  low  secretion.  With  the  exception  of 
the  conditions  of  anemias,  practically  all  these  points,  as  well  as  the 
fact  that  kreatinin,  or  more  particularly  kreatin,  from  which  kreatinin 
is  derived,  is  found  in  large  amounts  in  muscular  tissues  only,  indicate 
very  strongly  that  these  substances  are,  in  chief  part  at  any  rate, 
products  of  muscles,  and  possibly  are  produced  practically  solely  by 
the  muscles.  The  conditions  in  severe  anemias  do  not,  of  course, 
necessarily  contradict  this  view,  as  metabolism  in  general  is  so  largely 
disturbed  in  such  disorders. 

The  results  of  the  estimations  are  shown  roughly  in  the  chart. 
There  is  in  each  instance  a  period  of  several  days  of  extremely  low 
kreatinin  excretion  preceding  the  attack  and  lasting  into  the  attack 
or  beyond  it.  Following  this  there  is  a  sudden  rise  of  the  excretion 
from  a  point  ranging  between  8  and  80  mg.  up  to  as  high  as  880  mg., 
and  then,  after  reaching  this  normal  or  nearly  normal  level,  the  excre- 
tion falls  again  and  a  similar  course  occurs  once  more.  The  abnormal 
figures  are  evidently  not  due  to  the  attack,  as  they  precede  it,  while 
those  figures  approaching  the  normal  occur  directly  after  or  with  the 
attack.  The  very  striking  relation  of  the  kreatinin  excretion  to  the 
attacks  is  evident  throughout  the  series  of  estimations,  and  it  seems 
almost  unquestionable  that,  in  this  case  at  any  rate,  the  kreatinin  is 
an  index  at  least  of  alterations  in  metabolism  leading  up  to  a  seizure,  to 
be  followed  by  conditions  approaching  the  normal.  The  cycle  then 
begins  again.  The  relation  of  the  kreatinin  to  attacks  and  intervals  is 
most  evidently  seen  in  the  unusually  long  period  intervening  between 
the  second  and  third  attacks.  The  kreatinin  figures  rise  at  the  end  of 
the  second  attack,  and  then  fall  at  once,  but  there  is  another  rise  which, 
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though  relatively  slight,  persists  for  three  days,  and  apparently  is  the 
evidence  of  sufficient  improvement  in  his  condition  to  postpone  the  onset 
of  the  next  attack,  for  this  interval  was  three  days  longer  than  the 
usual  one.  This  correspondence  between  the  rise  of  kreatinin  excre- 
tion and  the  period  of  freedom  from  paralysis  is  curiously  striking. 
A  somewhat  similar  relation  may  be  observed  between  the  relatively 
low  rise  in  excretion  at  the  period  of  the  third  attack  and  the  brevity 
of  the  freedom  from  symptoms  following  this  low  excretion.  While 
there  was  not  an  actual  attack  the  man  had  all  the  usual  feelings  of 
an  approaching  attack  on  the  fifth  day  after  the  seizure  of  April  24th, 
and  was  unwilling  to  go  out  of  the  hospital  because  he  feared  that  he 
would  be  overtaken  by  his  paralysis.  As  just  noted,  the  rise  in 
kreatinin  excretion  with  the  end  of  the  preceding  attack  had  been 
relatively  slight  and  had  not  persisted. 
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*Thli  flgure  is  certalDly  too  low.    Some  of  the  urine  (about  one-fourth)  was  sent  to  Dr. 
Flexner.   The  actual  flg;ure  when  reckoned  for  the  whole  amount  of  urine  would  be  66S  mg. 


The  changes  in  kreatinin  excretion  might  possibly  have  been  ex- 
plained on  the  basis  of  alterations  in  the  amount  or  character  of  the 
food  taken,  or  have  been  considered  the  result  of  the  temporary  abso- 
lute disuse  of  the  muscles  had  these  changes  occurred  only  imme- 
diately wiihin  the  period  of  the  attack,  but  the  striking  fact  about 
the  kreatinin  figures  is  that  they  were  extremely  low  for  a  number  of 
day%  before  each  attach  when  the  man  was  taking  full  diet,  and  the 
rise  in  excretion  in  the  second  attack  shown  on  the  chart  came  actually 
within  the  period  of  the  attack,  and  consequently  within  the  time  of 
practically  total  abstinence  from  food  and  total  disuse  of  the  muscles. 
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Further,  the  relation  of  intake  of  nitrogenous  foods  to  the  breatinin 
excretion  was  controlled  by  coincident  daily  estimations  of  the  total 
nitrogen  of  the  food  (Kjeldabl  method),  the  results  with  the  nItrog«i 
demonstrating  absolutely  that  the  total  decompoaltion  of  nitrogenona 
food  and  tissue  was  at  least  aa  high  during  the  periods  of  low  kreatinln 
excretion  before  the  attack  as  it  was  at  other  times,  the  only  actual 
falls  in  excretion  of  nitrogen  coming  during  the  period  of  the  attack, 
when  ho  was  taking  very  small  amounts  of  food.  Another  possible 
source  of  error  that  bad  to  be  considered  was  that  some  of  the  krea- 
tinin  might  not  have  crystallized  out  as  kreatinin  zinc  chlorid  on 
the  days  of  apparently  low  excretion  and  been  lost  in  the  filtrate. 
But  that  this  was  not  the  case  was  shown  by  nslng  Weyl's  and  Jaffe's 
tests  with  the  alcoholic  filtrate.  Only  faint  traces  were  ever  found 
during  these  periods,  and  often  none  at  all ;  one  expecta  to  find  traces 
dissolved  in  the  filtrate  under  ordinary  circumstances. 

So  far,  then,  as  general  conclusions  may  be  reached  from  the  study 
of  one  case,  it  may  justly  be  considered  that  the  attacks  are  due  to 
metabolic  disturbance,  and  that  this  disturbance  is  in  all  probability 
situated  chiefly  or  primarily,  perhaps  entirely,  in  the  muscles  them- 
selves. Our  knowledge  of  the  excretion  of  kreatinin  in  disease  is  not 
yet  sufficient  to  state  definitely  that  the  disturbance  ultimately  pro- 
ducing an  attack  begins  in  the  muscles  alone ;  this  seems  distinctly 
probable,  however,  and  at  any  rate  it  is  practically  clear  that  the 
present  disorder  is  one  of  metabolism.  A  rather  striking  analogy 
with  gout  may,  of  course,  be  readily  drawn  at  once,  though  the  varia- 
tions in  the  kreatinin  excretion  in  this  case  are  certainly  mnch  more 
striking  than  any  that  have  been  well  demonstrated  in  the  uric  acid 
of  gout.  Whatever  be  the  relation  of  uric  acid  to  gout,  it  cannot  be 
reasonably  suspected  that  the  disturbance  in  this  case  is  due  to  retm- 
..■       pi_. .  .-■     _..  1       .T_      ipjjg  figures  seem  to  demonstrate  that  it 

riation  could  be  due  to  retention ;  they  are 
reduction  in  the  formation  of  theae  suh- 

:  kreatinin  is  only  an  index  of  the  disturb- 

re  is  also  no  reason  to  think  that  such  a 

se  symptoms. 

these  questions  is,  of  course,  intended,  but 

complete  it  before  presentation  of  the  pres- 

tlineofonr  findings. 
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It  would  be  interesting  to  know  the  effect  upon  the  attacks  of 
moderately  severe  over-exercise  a  day  or  two  before  the  expected 
attack.  It  is  possible  that  this  might  serve  to  stimulate  metabolism 
sufficiently  to  postpone  the  attack  at  least,  though  it  might  produce 
just  the  opposite  effect.  Some  support  is  given  to  this  theory  by  the 
statement  of  patients,  not  only  ours,  but  E.  W.  Taylor's  and  some  of  the 
Grerman  cases,  that  exertion  would  temporarily  postpone  an  attack, 
often  at  the  cost  of  a  seizure  of  greater  than  the  usual  severity  later. 
This  is  not  incompatible  either  with  the  other  observation  that  exer- 
tion in  certain  instances  has  induced  the  paralysis. 

It  is  also  very  important  that  we  should  learn  the  condition  of 
kreatinin  excretion  in  epilepsy,  myasthenia  gravis,  and  some  other 
conditions  which  promise  to  teach  us  something  concerning  its  relation 
to  disease. 

The  practical  aspects  of  the  cases  as  to  treatment  are  interesting 
and  highly  unsatisfactory.  In  Case  III.  strict  diet,  baths,  and  exer- 
cise made  no  change  in  the  periodicity  or  length  of  the  attacks. 
Colon  lavage  and  intestinal  antiseptics  by  the  mouth  were  no  more 
successful.  Quinin,  bromids,  and  strychnin  were  administered  at 
different  times,  and  the  results  again  were  negative.  The  slow  flow 
and  the  dark  color  of  the  blood  when  venesection  was  performed  sug- 
gested hypodermoclysis,  which  was  twice  tried  without  good  effect.  As 
already  noted,  Mrs.  A.,  Case  I.,  had  observed  that  potassium  citrate  had 
a  favorable  influence.  As  a  prophylactic,  potassium  citrate  seemed  to 
have  some  small  but  uncertain  effect  in  Cases  I.  and  II.  in  doses  of 
45  to  60  grains  a  day.  In  Case  III.  it  did  not  reduce  the  frequency 
of  occurrence.  Administered  at  the  beginning  of  a  seizure  in  repeated 
large  doses  (75  to  120  grains)  it  certainly  shortened  and  mitigated 
the  paralytic  period  in  all  three  patients.  The  attacks  were  so  much 
more  regular,  both  in  recurrence  and  duration,  in  Case  III.  that  it 
was  easier  to  judge.  His  seizures  occurred  every  seventh  or  eighth 
day  with  great  punctuality,  and  lasted  almost  exactly  forty-eight 
hours,  the  shortest  one  which  was  observed  without  interference  being 
about  twenty  hours ;  but  this  was  the  only  one  out  of  twelve  which 
extended  to  less  than  thirty  hours.  It  is,  therefore,  fair  to  infer 
when  four  attacks  treated  with  the  potash  salt  only  endured  twenty- 
four  hours  each  that  this  shortening  was  due  to  the  drug.  Another 
attack  during  this  period  treated  by  hypodermoclysis  ran  as  usual 
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close  to  forty-eight  hours.  It  is  curious  that  with  Case  I.,  and  to  a 
less  extent  with  Case  II.,  a  similar  though  not  so  marked  an  influence 
upon  the  seizures  was  shown  by  potassium  bromid,  a  drug  which  did 
not  prove  of  any  value  in  Case  III. 

In  view  of  the  fact  that  potassium  citrate  is  absorbed  as  the  car- 
bonate, it  was  thought  that  a  quicker  and  perhaps  stronger  effect 
would  be  produced  by  the  latter  salt.  This  did  not  prove  true  when 
tried  in  practice,  the  attacks  being  much  less  influenced  by  the  car- 
bonate than  by  the  citrate.  Through  a  druggist's  error  on  one  occa- 
sion Case  I.  took  potassium  chlorate  instead  of  citrate.  The  result 
was  not  quite  so  decidedly  favorable  as  when  the  latter  salt  was  used, 
but  better  than  when  the  carbonate  was  given.  Sodium  bicarbonate 
was  tried  upon  several  occasions,  but  seemed  to  have  little  effect. 

In  conclusion,  we  would  reaffirm  the  statement  already  made  that 
our  endeavor  has  been  to  state  facts  as  we  have  observed  them,  and 
not  to  propound  a  theory.  The  time  for  theorizing  must  be  postponed 
until  further  study  is  possible  of  this  curious  condition  and  some  of 
its  possible  analogies. 


DISCUSSION. 

Dr.  Putnam  :  I  have  tried  potassium  citrate  on  the  patient  whose  case 
was  reported  by  me  last  year,  but  I  am  sorry  to  say  without  success.  My 
patient  also  had  his  attacks  brought  on  at  times  by  severe  exercise,  and  occ&- 
sionally  he  also  could  work  the  attacks  off  if  he  could  manage  to  drag  himself 
about. 

The  ultimate  cause  of  the  disease  is  too  subtle  to  be  reached  by  the  chemi- 
cal analysis  of  secretions. 

Db.  Meltzer  :  The  efforts  of  Dr.  Mitchell  were,  as  I  understood  them,  in 
the  direction  of  finding  the  cause  of  this  condition.  I  would  like  to  ask  Dr. 
Mitchell  first  what  is  his  opinion  regarding  the  nature  of  this  condition.  I 
do  not  know  of  any  condition  in  which  the  muscle  would  not  respond  for 
days  to  direct  faradization.  I  do  not  know,  either,  of  any  poison  that  will 
cause  a  temporary  absence  of  response  to  local  muscle  stimulation.  Beside, 
the  explanation  of  Dr.  Mitchell,  that  the  condition  might  be  due  to  a  poison 
accumulating  in  the  muscles,  would  require  still  another  explanation  as  to 
why  certain  other  muscles,  for  instance  those  of  the  eyes,  face,  etc.,  do  not 
participate  in  this  peculiar  paralysis.  Such  a  distribution  would  rather  indi- 
cate that  the  location  of  the  cause  is  not  to  be  looked  for  within  the  muscles 
but  rather  in  the  spinal  cord. 
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Dr.  Mitchell:  We  made  at  various  times  every  possible  examination  of 
the  muscles,  and  it  is  not  correct  to  say  that  the  involuntary  muscles  did  not 
share  in  the  paralysis.  They  did  take  part,  as  this  patient  has  trouble  with 
his  diaphragm  and  other  respiratory  muscles ;  his  bowel  movements  are  sus- 
pended at  the  times  of  the  paralysis,  and  occasionally  he  cannot  even  urinate. 
As  to  the  question  of  local  stimulation  of  muscles,  we  found  that  to  produce 
an  electric  contraction  required  more  than  three  times  as  much  as  is  required 
to  stimulate  the  normal  muscles,  even  with  needle  electrodes  piercing  into 
the  muscle  substance.  We  have  no  theory  to  offer  in  regard  to  the  poison 
except  that  suggested  here  two  years  ago,  that  a  poison  could  be  imagined 
which  should  have  a  selective  action  on  the  muscles  and  on  the  cord.  Cer- 
tain poisons  are  specially  prone  to  affect  certain  muscles  and  nerves,  as  is 
seen  in  lead  and  mercurial  intoxications ;  and  if  this  is  not  a  local  muscle 
poison,  what  is  it  ?  The  only  thing  that  is  even  said  to  produce  effects  of 
this  character  is  curare  in  large  doses — and  even  this  is  disputed  by  the  best 
authorities. 

Dr.  Jagobi:  These  cases  sound  to  me  very  much  like  hysteria.    Why  not 
call  them  hysteric  paralysis? 


REPORT  OF  THE  PROGRESS  OF  CASES  OF  PERNICIOUS 
ANEMIA  PRESENTED  TO  THE  ASSOCIATION  IN 
1900,  AND  REPORT  OF  A  CASE  OF  PER- 
NICIOUS ANEMIA,  WITH  DIFFUSE 
SPINAL-CORD  LESIONS  AND 
POSTMORTEM 
FINDINGS. 


By  FRANK  BILLINGS,  M.D., 

OF  CHICAGO. 


Of  the  twenty  cases  reported  last  year  to  the  Association  ten  were 
dead.  During  the  year,  of  the  remaining  ten,  four  have  died ;  of  the 
remainder,  two  have  disappeared  and  four  are  still  under  observation. 
No  further  observations  were  made  of  three  of  the  four  who  died 
because  of  the  residence  in  remote  localities,  and  no  autopsies  were 
held  upon  them.  The  fourth  patient  (No.  14  in  the  series)  died  in 
February,  1901,  and  since  the  first  report  many  examinations  of  her 
blood  have  been  made.  Last  May,  when  her  case  was  reported,  she 
was  on  the  decline.  She  remained  in  this  low  state  until  October, 
when  an  improvement  wave  began,  which  reached  its  height  in  De- 
cember. At  that  time  she  had  over  2,000,000  red  cells  and  about 
40  per  cent,  of  hemoglobin ;  then  a  rapid  decline  occurred,  with  a  fall 
to  less  than  20  per  cent,  of  hemoglobin  and  659,000  red  cells  per 
cm.  The  white  cell  count  kept  pace  with  the  improvement  in  the 
red  cells  and  hemoglobin,  and  fell  with  the  decline  of  the  other  ele- 
ments of  the  blood  just  as  was  noted  in  the  report  of  last  year.  Dur- 
ing the  decline  there  was  a  large  increase  in  the  number  of  nucleated 
red  cells.  The  accompanying  chart  shows  graphically  the  blood 
curve  in  this  case.    Unfortunately,  no  autopsy  was  allowed.    (Chart  I.) 

Of  the  patients  still  living  observations  have  been  continued  upon 
Cases  Nos.  10,  12,  and  13  of  the  series.  When  reported  last  year 
No.  13  was  upon  a  wave  of  improvement,  and  this  wave  has  remained 
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unbroken  up  to  the  present  time.  The  number  of  red  cells,  the  per- 
centage of  hemoglobin,  and  the  number  of  \rhite  cells  are  about  nor- 
mal. There  have  been  no  nucleated  cells  found  since  January,  1900. 
The  patient,  however,  does  not  look  as  well  as  the  condition  of  the 
blood  would  indicate.  There  is  a  yellow  tinge  of  the  skin.  He  is 
not  strong,  and  has  less  endurance  than  before  the  illness  began. 


Chart  I. 
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A.  Hemoglobin.    B.  Erythrocytes.    C.  Leukocytes.    D.  Nucleated  reds.    ♦  Death. 

Furthermore,  the  blood  cells  still  show  irregularities  of  form  and  size. 
It  is  not  improbable  that  his  improvement  wave  will  be  broken  by  a 
fall  in  the  near  future.  The  case  is  a  remarkable  one  because  of  the 
long  wave  of  improvement.  The  chart  shows  graphically  the  condi- 
tion of  his  blood  during  the  two  years  he  has  been  under  observation, 
and  it  is  to  be  noted  that  even  in  this  stage  of  improvement  the  color 
index  has  remained  high.     (Chart  II.) 
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No.  12  returned  from  Iowa  to  Chicago  in  September,  1900,  and 
since  that  time  has  been  under  weekly  observation.  She  has  had 
various  waves  of  slight  improvement  and  decline,  with  the  constant 
presence  of  nucleated  cells  and  a  high  color  index.     At  this  date  she 


Chart  II. 
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A.  Hemoglobin.    B.  Erythrocytes.    C.  Leukocytes,    D.  Nucleated  reds. 


is  in  an  improvement  wave,  as  indicated  by  the  accompanying  chart. 
(Chart  III.) 

No.  13  of  the  series  has  been  under  constant  observation  since  the 
report.  She  was  upon  a  wave  of  improvement  when  last  reported, 
which  continued  until  September,  1900.  Since  that  time  there  has 
been  a  decline,  with  slight  waves  of  improvement,  but  the  chart  shows 
a  continuous  decline.  Nucleated  red  cells  disappeared  entirely  from 
the  blood  during  this  long  wave  of  improvement,  but  have  been  found 
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dnriDg  the  last  two  months.  When  at  the  greatest  height  of  the  wave 
of  improvement  the  color  index  was  low,  but  with  the  wave  of  decline 
came  the  usual  high  color  index.     (Chart  IV.) 

The  further  study  of  these  cases  has  brought  forth  nothing  new 
in  the  way  of  blood  changes.     The  conclusions  which  were  read  in 


A.  HemogloblD.    B.  Erythrocylefl.    C,  Leukocytes.    D,  Nncleiled  reds. 

the  paper  of  last  year  have  been  fully  borne  out  by  the  continued 
examinations  made. 

Dr.  Joseph  A.  Capps,'  who  is  associated  with  me  in  ray  private 
work,  has  made  some  interesting  experiments  with  the  hematocrit 
during  the  last  year. 
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It  has  long  been  recognized  that  the  blood  in  pernicious  anemia  is 
characterized  by  the  presence  of  large  red  cells,  both  nucleated  and 
non-nucleated.  This  tendency  to  enlargement  of  the  cells  explains 
in  part  their  increased  capacity  for  taking  up  and  carrying  hemo- 
globin. To  express  accurately  the  actual  hemoglobin  content  of  the 
average  cell  we  use  the  convenient  term  "  color  index/'  which  is  the 


Chart  IV. 


CINT 

11 

1 

Wot 

Dm 

II 

r«b 

lUr 

Kp, 

M«r 

Jnm 

Jal 

Av 

••V 

Oct 

H** 

DM 

ti 

lU. 

Apr 

S 

90 

4.000.000 

^ 

_J 

^~ 

i 

1 

1 

i 

r 

1 

1 

1 
i 

1 

^ 

^ 

V-' 

-A. 

1     ■ 

1 

1 

' 

1 

•O 

4.0O0.0O0 

I 

1 

— r 

•* 

^ 

* 

H 

<. 

^4: 

1 

1 

i 

1 

1 

— 

1 

A 

T*! 

1 

1 

1 

TO 

awKw.ooo 

— 1 

y 

r^ 

\ 

j 

1 

1 

6 

0 

' 

Vj 

L_ 

1 

60 

8,000.000 

A 

h- 

k 

1 

« 

"■« 

'• 

•J^ 

/ 

% 
• 

.* 

r* 

N 

1 

[ 

OO 

a.soo.ooo  : 

f 

^ 

1 

r' 

> 

\ 

I 

40 

J 

1 

.^ 

r 

% 

SL 

I 

J 

8,000.000  j 

I 

•^ 

1 

X 

1 

> 

K, 

s 

_ 

\ 

SO 

1.AOO.OOO 

J 

r 

1' 

k, 

s 

A 

I 

\ 

90 

1,000.000 

■ti 

1 

« 

▼ 

1 

I 

I* 

> 

lO 

500,000  1 

1 

0 

OI 

1 

Na  IN  1  C  MM    { 

^= 

_U 

OO 

o.ooo 

1 

r 

— 1 
•o 

1 

r 

r 

' 

~T 

s,ooo 

1 

I 

1 

J 

\— 

TO 

T.OOO 

t 

i 

'• 

»•• 

\ 

1 

A 

If 

^* 

f 

1 

1 

/ 

1 

r 

OO 

e,ooo 

/ 

^* 

'" 

« 

.' 

« 

« 

» 

1 

1  / 1 

• 

^ 

f 

• 

1 

• 

1 

AO 

5.000    I    / 

7- 

1 

1 

( 

• 

1 

-i_ 

/ 

/ 

_» 

• 

1 

1 

40 

4.000 

/ 

J 

r 

1 

1 

■ 

t 

L 

/ 

f 

» 

i 

•  1 

1 

I 

30 

a.ooo!^ 

1 

I 

^ 

1 

1 

V 

t 

\ 

/ 

\ 

1 

ao 

■.oool 

1 

^ 

fc_ 

»• 

' 

1 

1 

\ 

j 

1 

"T 
i 

^<. 

•^ 

1 

1 

1 

to 

i.ooo  1 

\l 

1 

r 

•^ 

_-L_ 

0 

0  ; 

•> 

- 

1. 

-^ 

, 

— i 

^ 

~^^ 

^ 

1 

cc 

)LOR  INDEX   1 

14 

SI 

0. 

17 

0.1 

;8 

00 

1.10 

1.07 

1. 00 

1.04 

1.09 

OM 

1.00 

aM 

I.Sl 

\M 

IP 

1.41 

A.  Hemoglobin.    B.  Erythrocytes.    C.  Leukocytes.    D.  Nucleated  reds. 


percentage  of  hemoglobin  divided  by  the  percentage  number  of  red 
cells. 

The  means  of  determining  the  size  of  the  red  corpuscles  is  quite 
as  important  as  the  estimation  of  the  hemoglobin  content  of  the  cells. 

The  old  method  of  measuring  the  diameter  of  a  large  number  of 
cells  is  unsatisfactory  because  no  account  is  taken  of  the  thickness  of 
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the  cell,  and  we  know  that  in  this  respect  great  variations  occur.  A 
fairly  accurate  result  may  be  obtained,  however,  by  the  use  of  the 
centrifuge  in  connection  with  a  red  cell  count.  The  percentage  vol- 
ume of  the  red  cells  as  a  whole,  as  obtained  from  the  graduated  capil- 
lary tube  of  the  centrifuge,  is  divided  by  the  percentage  number  of 
red  corpuscles,  which  gives  the  percentage  volume  of  the  individual 
corpuscle. 

For  the  quotient  no  term  has  hitherto  been  employed.  The  name 
of  "  volume  index,*'  therefore,  is  suggested  as  corresponding  to  the 
familiar  '*  color  index." 

Thus  a  reading  of  45  on  the  tube  equals  90  per  cent,  by  the  hema- 
tocrit ;  and  if  in  a  given  case  the  red  cells  number  by  the  Thoma- 
Zeis  count  3,750,000,  or  75  per  cent.,  then  90/75  equals  1.20  the 
volume  index,  an  increase  of  20  per  cent,  above  the  normal  in  the 
volume  of  the  average  cell.  In  twelve  of  the  series  reported  this  test 
has  been  applied,  and  all  have  shown  a  large  volume  index  through- 
out the  greater  part  of  the  disease.  The  lowest  volume  index  was 
0.93  and  the  highest  1.93,  the  others  ranging  from  1.05  to  1.59.  In 
some  instances  the  volume  index  was  increased  when  the  cell  diameter 
average  was  not  above  the  normal,  thus  indicating  a  probable  enlarge- 
ment of  the  cell  in  depth,  but  not  in  circumference. 

These  observations  also  demonstrate  that  the  hematocrit  is  of  value 
in  giving  us  the  corpuscular  mass,  but  is  unreliable  for  computing  the 
number  of  cells. 

During  the  year  nine  new  cases  of  pernicious  anemia  have  come 
ander  my  personal  observation,  and  have  been  examined  frequently 
enough  to  make  the  diagnosis  certain  in  each  case.  Of  these  cases 
seven  were  males  and  two  females.  The  ages  ranged  from  thirty-six 
to  sixty-nine  years.  AH  were  well-to-do  people,  and  in  no  one 
was  there  any  specific  cause  to  be  found  to  which  the  disease  could 
be  attributed.  The  observations  noted  last  year,  that  in  most  of  the 
cases  reported  gastrointestinal  disturbance  was  a  common  accompani- 
ment, has  been  found  true  also  in  the  nine  new  cases.  Four  of  the 
nine  new  cases  sought  consultation  for  gastrointestinal  disturbance. 
In  but  one  of  the  cases  was  a  bad  condition  of  the  teeth  and  mouth 
found  which  could  in  any  way  be  a  cause  of  the  trouble.  A  short 
account  of  each  case  will  be  of  some  value  to  those  who  desire  to  note 
the  clinical  course  of  pernicious  anemia. 
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Case  XXI. — Mrs.  R.  L.  S.,  aged  fifty-one  years,  married,  mother  of  ^ve 
children,  came  under  my  observation  November  13,  1900.  Had  enjoyed 
good  health  the  greater  part  of  her  life.  Has  had  **  falling  of  the  womb" 
the  past  twenty-nine  years,  bat  has  not  suffered  much  from  pelvic  dis- 
turbance. For  ten  years  she  has  had  gastrointestinal  fermentation  ;  some 
nausea,  usually  in  the  afternoon  when  over-tired.  There  was  often  a  sense 
of  weight  and  gnawing  in  the  epigastrium  ;  the  appetite  was  osoally  poor; 
the  bowels  constipated.  During  the  last  few  months  the  bowels  have 
been  loose,  with  one  or  two  painless,  watery  stools  a  day. 

One  maternal  aunt  died  of  cancer ;  three  maternal  uncles  died  of  tuber- 
culosis. 

Examination  revealed  nothing  of  importance  in  the  chest.  The  abdomen 
was  somewhat  protuberant,  and  there  was  slight  diastasis  of  the  recti  muscles. 
There  was  enteroptosis,  the  stomach  lying  well  down  in  the  lower  quadrant 
of  the  abdomen.  The  liver  edge  was  palpable  two  fingers'  breadth  below  the 
costal  arch.  The  spleen  was  not  palpable.  The  stomach  contents,  one  hour 
after  a  meal  of  lean  meat,  bread,  and  tea,  gave  no  reaction  for  hydrochloric 
or  other  organic  acids.  The  urine,  specific  gravity,  1020 ;  no  albumin,  no 
sugar,  and  no  sediment  with  the  centrifuge.  Blood  examination  :  Hemo- 
globin, 40  per  cent. ;  specific  gravity,  1044 ;  red  cells,  1,648,000,  and  7500 
white  cells  per  cubic  millimeter.  Nucleated  red  cells,  with  megaloblasts 
predominating,  were  present.  Poikilocytosis  and  chromatophilia  were 
marked. 

An  examination  made  April  23, 1901,  showed  some  improvement:  hemo- 
globin, 42  per  cent.  ;  specific  gravity,  1045 ;  red  cells,  2,110,000,  and  white 
cells,  5500  per  cubic  millimeter ;  five  megaloblasts  and  three  normoblasts 
were  estimated  to  be  present  in  one  cubic  millimeter.  The  patient  was  sub- 
jectively better  without  a  gain  in  weight,  but  still  complained  of  the  gastro- 
intestinal fermentation  and  slight  looseness  of  the  bowels.  The  stools  of  this 
patient  were  not  examined,  because  her  home  was  a  distant  point,  and  a  visit 
of  a  day  only  was  made  to  Chicago  on  each  examination.  There  was  no 
perceptible  cause  for  the  disease  to  be  found. 

Case  XXII.  ~W.  F.  McC,  dentist,  aged  thirty-six  years,  single,  presented 
himself  first  on  May  31,  1897.  He  stated  at  that  time  that  his  illness  began 
with  tingling  and  numbness  of  the  fingers,  which  later  involved  the  feet  and 
legs,  with  tenderness  of  the  calves  and  the  knee-joints.  No  spontaneous 
pain.  He  had  diarrhea  for  six  weeks  at  the  beginning  of  this  illness ;  always 
had  some  gas  and  epigastric  weight  after  eating.  The  urine  was  scant  but 
normal,  as  he  had  himself  examined  it.  In  February,  1897,  a  competent 
hematologist  had  found  the  normal  number  of  red  cells,  but  hemoglobin 
much  diminished.  A  diagnosis  had  been  made  in  this  case  of  multiple 
neuritis  from  intoxication  due  to  digestive  disturbance.  An  examination 
made  at  that  time  showed  a  man  fairly  well  nourished ;  weight,  136  pounds. 
The  chest  was  negative.  The  liver  area  seemed  normal.  The  spleen  was 
not  palpable.     The  urine,  specific  gravity,  1028  ;  urea,  1.9  per  cent.  ;  alka- 
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line  reaGtion  ;  phosphates  in  excess ;  no  albumin,  no  sugar,  no  casts.  There 
was  tenderness  along  the  posterior  tibial  nerves.  The  reflexes  were  not 
altered.  Blood  examination  revealed  hemoglobin,  40  per  cent. ;  red  cells, 
2,300,000 ;  white  cells  were  not  counted.  No  parasites  were  found  in  the 
blood. 

On  November  20,  1897,  patient  again  presented  himself  for  examination. 
He  had  been  in  California  for  three  months,  and  was  much  improved  in  gen- 
eral health.  He  still  complained  of  some  pain  along  the  course  of  the  tibial 
nerve,  and  the  tingling  and  numbness  of  the  fingers  and  toes  continued. 
Blood  examination  showed  hemoglobin,  80  per  cent. ;  red  corpuscles, 
4,000,000  per  cubic  millimeter.  The  patient  was  not  seen  again  until  March 
5, 1900,  when  he  again  presented  himself.  He  complained  of  great  weak- 
ness and  of  lessened  endurance.  He  looked  pale,  and  there  was  a  yellowish 
tinge  of  the  skin.  The  physical  findings  were  negative,  excepting  as  noted 
above.  Blood  examination :  Hemoglobin,  60  per  cent. ;  3,048,000  red 
cells  and  10,000  white  cells.     There  were  no  nucleated  cells  found. 

On  April  2, 1900,  hemoglobin  was  55  per  cent. ;  red  cells,  2,248,000,  and 
white  cells  6000  per  cubic  millimeter.  Patient  felt  weaker  than  before,  and 
complained  of  dyspnea  upon  exertion.     Physical  findings  negative. 

On  April  28th  there  was  a  still  further  decline.  Hemoglobin  was  42|  per 
cent. ;  red  cells,  1,448,000,  and  white  cells  5000  per  cubic  millimeter.  The 
patient  was  continued  upon  restorative  tonics  of  arsenic  and  iron,  and 
advised  to  go  into  the  country.  Nucleated  red  cells  were  found  with  megalo- 
blasts  predominating. 

On  December  28, 1900,  the  hemoglobin  was  33  per  cent.  ;  specific  gravity, 
1039 ;  red  cells,  1,264,000,  and  white  cells  4400  per  cubic  millimeter.  Nor- 
moblasts and  microblasts  were  found,  and  at  one  time  megaloblasts  were 
found.  Poikilocytosis  and  polychromatophilia  were  present  during  these 
latter  observations,  and  this  condition  of  the  corpuscles,  with  the  continued 
high  color  index  and  the  progressive  character  of  the  disease,  make  the 
diagnosis  practically  certain.  The  patient  is  at  present  living  in  the  coun- 
try, and  no  observation  has  been  made  since  that  last  noted  above.  There 
was  no  perceptible  cause  for  the  disease  to  be  found. 

Case  XXIII. — Mr.  F.  B.  K.,  aged  fifty-three  years,  merchant,  married, 
American,  presented  himself  June  29,  1900.  Mother  died  of  tuberculosis, 
with  an  associated  anemia ;  father  died  of  heart  disease.  Patient  has  not 
ased  tobacco  or  alcohol  during  his  life,  and  has  always  been  a  healthy  man. 
He  has  not  overworked,  but  has  lived  much  of  the  time  indoors.  A  year  ago 
he  began  to  lose  strength,  and  later  on  lost  somewhat  in  weight.  Six  mouths 
later  he  and  his  friends  noticed  a  pallor,  and  he  had  some  dizziness  and 
shortness  of  breath  upon  exertion.  During  the  last  two  or  three  months 
there  have  been  numbness  and  tingling  of  the  extremities.  His  main  com- 
plaint at  present  is  weakness,  with  shortness  of  breath,  and  palpitation  of  the 
heart  with  exercise  or  excitement.  He  is  restless,  emotional,  and  is  faint 
at  times.   There  has  been  swelling  of  the  lower  extremities  for  several  weeks. 
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especially  in  the  latter  part  of  the  day.  He  has  noticed  some  black  and  blae 
spots  on  the  thighs  recently.  His  appetite  is  variable ;  there  is  no  indiges- 
tion ;  bowels  are  usually  constipated.  Occasionally  there  has  been  diarrhea 
recently.  His  weight  a  year  ago  was  197  pounds,  and  in  January,  1900, 
165  pounds,  and  at  present  158  pounds.  He  has  noticed  no  blood  in  the 
stools  ;  has  no  epistaxis  or  hemorrhage  from  the  gums. 

On  examination  a  marked  pallor,  with  a  lemon-yellow  tint,  is  very  notice- 
able. The  mucous  membranes  of  the  lips  and  mouth  are  yellowish  pale. 
The  teeth  are  good  ;  the  mouth  is  clean  ;  there  is  some  puffiness  of  the  eye- 
lids. The  eyes  are  normal,  including  the  retinse.  The  pulse  is  small  and 
rather  rapid.  There  is  a  capillary  pulse  iu  the  lips.  The  heart  area  is 
normal ;  the  lungs  are  negative.  There  is  a  systolic  bruit  in  the  neck. 
The  abdomen  is  negative ;  the  rectum  is  negative.  The  reflexes  are  normal. 
Urine,  specific  gravity,  1013,  acid  reaction ;  0.6  of  1  per  cent,  albumin, 
with  a  few  finely  granular  and  hyaline  casts  present.  Blood  examination : 
Hemoglobin,  28  per  cent. ;  specific  gravity,  1088 ;  red  cells,  1,006,000,  and 
white  cells  1500  per  cubic  millimeter.  Poikilocytosis  is  very  marked.  Many 
nucleated  cells  are  found  with  a  preponderance  of  megaloblasts.  Color  index 
in  this  case  is  very  high — 1.53. 

A  letter  of  recent  date  from  a  physician  states  that  the  patient  improved 
for  a  few  months,  but  is  now  becoming  rapidly  worse  again.  There  was  no 
perceptible  cause  for  the  disease  to  be  found. 

Case  XXIV. — W.  J.  F.,  aged  forty  years,  male,  merchant,  presented 
himself  November  10,  1900,  with  a  letter  from  his  physician.  Dr.  Kanne,  of 
Peoria,  Illinois.  His  father  died  of  blood-poisoning ;  mother  living  at  the 
age  of  seventy-two  years.  Patient  gives  a  history  of  good  health,  except  for 
typhoid  fever  when  eighteen  years  of  age.  He  is  an  active  worker.  Denies 
venereal  disease.  While  at  West  Baden,  Indiana,  September,  1898,  he  was 
taken  with  a  severe  diarrhea  which  lasted  for  about  two  weeks.  This  was 
accompanied  by  pain  and  slight  fever.  Succeeding  this  he  was  weak  and 
debilitated,  and  has  never  been  well  since  that  time.  A  year  ago  it  was 
noticed  that  his  skin  was  pale  and  of  a  yellowish  tint.  There  was  some  loss 
of  weight  at  this  time,  with  diminished  strength  and  endurance,  and  notice- 
able dyspnea  upon  exertion.  While  at  Eureka  Springs,  Ark.,  he  gained 
fifteen  pounds,  and  has  since  retained  about  the  normal  weight — 142  pounds. 
During  the  last  two  months  he  has  noticed  that  the  pallor  has  increased  ;  he 
has  lost  strength  ;  has  attacks  of  dizziness,  faintness,  and  shorteness  of  breath 
upon  exertion.  Slight  swelling  of  the  ankles  has  occurred  in  the  latter  part 
of  the  day.  There  has  been  slight  headache  occasionally,  and  there  is  some 
numbness  of  the  toes  and  of  the  finger-tips. 

Examination  shows  a  man  of  about  normal  weight  for  his  height ;  skin  is 
pale,  and  of  a  lemon-yellow  color.  Mucous  membranes  of  the  mouth  and 
pharynx  very  pale.  There  are  some  palpable  glands  in  the  superficial  carotid 
triangles.  The  teeth  are  sound  ;  the  gums  are  normal ;  the  lungs  are  nega- 
tive ;  heart  area  is  normal,  tones  clear ;  the  pulmonic  second  sound  slightly 
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accentuated.  Liver  and  spleen  negative.  Knee-jerks  are  active.  There  is 
an  ankle  clonus  of  slight  degree  present ;  a  slight  edema  of  the  ankles.  The 
rectum  is  normal ;  the  eye-grounds  are  normal ;  urine,  specific  gravity,  1015 ; 
no  albumin,  no  sugar,  no  casts.  Blood  examination  :  Hemoglobin,  43  per 
cent. ;  red  cells,  1,512,000,  and  white  cells  6400  per  cubic  millimeter.  Many 
nucleated  cells  present,  with  a  preponderance  of  megaloblasts. 

Many  examinations  of  the  blood  had  been  made  by  Dr.  Kanne,  which 
agreed,  in  the  main,  ip  the  relation  of  the  hemogobin  to  the  red  cells,  with 
the  examination  noted  ^bove. 

A  letter  of  recent  date  from  Dr.  Kanne  states  that  the  patient  was  at  that 
time  upon  a  wave  of  decline.  There  was  no  perceptible  cause  for  the  disease 
to  be  found. 

Case  XXV. — J.  K.,  aged  fifty-six  years,  male,  married,  merchant,  pre- 
sented himself  November  24, 1900.  Family  history  is  negative ;  brothers  and 
sisters  are  healthy.  The  patient  has  always  been  a  healthy  man  in  active 
business.  He  has  used  alcoholic  drinks  very  moderately.  A  year  ago  he 
noticed  a  little  numbness  in  the  hands  and  feet,  which  has  since  remained. 
Six  months  ago  his  wife  noticed  that  he  was  pale,  and  since  then  there  has 
been  an  increase  of  the  pallor,  with  weakness,  lessened  endurance,  shortness 
of  breath  upon  exertion,  and  dizziness  and  faintness  at  times.  The  appetite 
has  become  poor,  and  digestion  disturbed  by  gas,  with  eructation,  and  a 
sense  of  weight  and  distention  in  the  epigastrium.  He  has  been  drowsy ^ 
but  at  times  very  nervous.    He  has  not  lost  in  weight. 

Examination  shows  a  well-nourished  man,  with  a  skin  very  pale  and  yel- 
low ;  mucous  membranes  white.  The  teeth  are  good  ;  the  lungs  are  nega- 
tive ;  the  heart  tones  are  normal,  and  the  heart  area  is  not  increased.  The 
liver  extends  three  inches  below  the  costal  arch  in  the  mammary  line.  The 
spleen  is  palpable  two  inches  beyond  the  costal  margin.  The  stomach  and 
intestines  are  negative ;  the  rectum  is  negative.  There  is  light  edema  of 
the  ankles ;  the  knee-jerks  are  present  and  active.  Urine,  specific  gravity, 
1021 ;  no  albumin,  no  sugar,  no  casts.  Examination  of  the  blood  :  Hemo- 
globin, 34  per  cent.  ;  specific  gravity,  1038 ;  red  cells,  1,653,000,  and  white 
cells  2200  per  cubic  millimeter.  Nucleated  cells  were  found  with  megalo- 
blasts in  preponderance. 

Examination  of  the  blood  made  December  13,  1900,  by  Dr.  Werner,  of 
Quincy,  Illinois :  Hemoglobin,  33  per  cent. ;  red  cells,  1,626,000,  and 
whites  2100  per  cubic  millimeter,  with  nucleated  red  cells,  including  megalo- 
blasts. Poikilocytosis  was  very  marked  in  this  case,  and  the  megaloblasts 
were  noticeable  because  of  the  marked  fragmentation  of  the  nuclei.  There 
was  no  perceptible  cause  for  the  disease  to  be  found. 

Case  XXVI.— J.  E.  P.,  aged  sixty-nine  years,  married,  manufacturer, 
came  on  January  7, 1901.  His  mother  died  of  tuberculosis;  no  other  hig- 
tory  of  inherited  disease  in  the  family.  The  patient  has  practically  abstained 
from  alcohol  and  tobacco.     Had  typhoid  fever  at  the  age  of  twenty-eight. 

He  can  recall  no  other  serious  illness.     Four  months  ago  he  was  troubled 
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for  several  weeks  with  nausea  and  dizziness,  burning  sensation  in  the  stomach, 
with  eructations  of  gas,  and  hot  sensations  in  his  throat.  Six  weeks  sgo 
there  were  nausea  and  faintness,  with  water-brash.  With  this  there  has  been 
progressive  weakness,  with  loss  of  flesh  and  pallor,  shortness  of  breath,  and 
increasing  lack  of  endurance.  There  have  been  some  numbness  and  tingling 
in  the  fingers  and  toes.  He  vomited  once  and  ejected  food  which  he  had 
taken  eight  hours  before.  He  has  never  noticed  blood  in  the  stools.  He 
has  bad  no  noticeable  loss  in  weight. 

Examination  shows  a  rather  thin  man,  weight  140  pounds ;  maximum 
weight,  158  pounds ;  skin  is  very  pale  and  of  a  yellowish  tint.  The  tongue 
and  mouth  are  clean ;  the  molars  are  gone,  but  the  remaining  teeth  are 
sound.  There  is  a  thickening  of  the  palpable  arteries ;  there  is  a  capillaiy 
pulse  in  the  lips.  The  lungs  are  negative ;  the  heart  dulness  appears  normal ; 
there  is  a  soft  systolic  blow  over  the  aortic  area.  The  liver  edge  is  felt  on 
inspiration  somewhat  sharp;  spleen  is  not  palpable.  There  is  a  doable 
inguinal  hernia ;  the  rectum  is  negative.  Urine,  specific  gravity,  1015 : 
reaction,  acid ;  no  albumin,  no  blood,  no  casts.  Blood  examination : 
Hemoglobin,  39  per  cent. ;  specific  gravity,  1043;  red  cells,  1,538,000,  and 
white  cells  2500  per  cubic  millimeter.  Many  nucleated  cells  were  found, 
including  megaloblasts. 

The  patient  was  placed  upon  a  restorative  tonic  treatment.  On  February  8, 
1901,  a  month  later,  blood  examination  gave  hemoglobin,  56  per  cent ; 
specific  gravity,  1050  ;  reds,  3,194,000,  and  whites  5000  per  cubic  millimeter. 
Nucleated  cells  were  present,  and  poikilocytosis  was  marked.  This  notice- 
able improvement  of  the  blood  was  accompanied  with  a  corresponding  sab- 
jective  improvement. 

On  March  26,  1901,  blood  examination  showed  78  per  cent,  hemoglobin ; 
specific  gravity,  1056 ;  red  cells,  3,768,000,  and  white  cells  6000  per  cubic 
millimeter.  He  had  gained  in  strength ;  his  digestive  power  was  good ; 
and  in  every  way  felt  himself  almost  well.  The  restorative  tonic  treatment 
was  continued. 

A  letter  from  the  patient,  written  about  the  middle  of  April,  states  that 
he  is  not  now  so  well.  That  he  suffers  from  weakness,  shortness  of  breath 
upon  exertion,  and  that  his  color  is  not  as  good  as  it  was  when  he  was  last 
examined. 

The  improvement  wave  in  this  case  occurred  coincidently  with 
the  restorative  tonic  treatment,  and  at  first  sight  it  would  seem  that 
the  treatment  had  something  to  do  with  the  great  improvement ;  but 
the  observations  made  in  the  past  upon  the  other  cases  have  been  so 
contradictory  that  one  cannot  but  feel  that  improvement  may  take 
place  in  these  cases  without  the  aid  of  restorative  tonics,  and  that  in 
some  instances  at  least  remedies  have  received  credit  in  pernicious 
anemia,  when  in  all  probability  it  was  the  natural  course  of  the  dis- 
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ease  which  brought  about  the  improvement,  and  not  the  drugs  used. 
There  was  no  perceptible  cause  to  ba  found  for  the  disease. 

Case  XXVIII. — Mr.  W.,  aged  sixty  years,  married,  lawyer,  presented 
himself  September  23,  1900.  He  states  that  his  previous  health  has  been 
good,  but  that  he  has  lived  a  life  of  care  and  anxiety.  The  last  few  years 
he  has  been  at  work  upon  a  patent  which  he  believed  was  worth  a  fortune, 
and  recently  arrangements  were  made  for  its  adoption  by  a  syndicate,  which 
has  brought  him  increasing  care  and  anxiety,  so  that  he  has  not  had  much 
rest  either  day  or  night.  Three  months  ago  he  noticed  that  he  was  not  as 
strong  as  usual,  and  that  his  endurance  was  less.  He  had  shortness  of 
breath  upon  exertion,  and  there  was  a  good  deal  of  palpitation  of  the  heart. 
The  extremities  became  cold,  especially  when  excited,  and  there  wn»  tingling 
of  the  finger-tips  and  toes.  His  digestion  was  poor,  and  there  was  a  good 
deal  of  fermentation,  with  eructations  of  gas.  The  bowels  were  usually 
constipated.  He  had  noticed  but  little  loss  of  flesh.  His  friends  noticed 
that  he  was  pale. 

On  examination :  »\x  feet  in  height,  well  nourished,  skin  very  pale,  and 
of  a  lemon-yellow  tint.  Mucous  membranes  of  the  mouth  were  pale ;  the 
teeth  in  fairly  good  condition  ;  the  gums  healthy  ;  the  lungs  negative ;  the 
heart  area  normal.  A  murmur  was  heard  in  the  neck  when  the  patient  was 
lying  down,  and  a  soft  systolic  murmur  was  heard  at  the  base  and  apex  of 
the  heart.  The  liver  was  apparently  normal  in  size ;  the  spleen  was  not 
palpable ;  the  rectum  was  negative ;  urine  was  negative.  Blood  examina- 
tion :  Hemoglobin,  22  per  cent.  ;  red  cells,  1,388,000,  and  white  cells  6000 
per  cubic  millimeter.  There  were  many  nucleated  red  cells,  megaloblasts 
predominating  three  to  one  over  the  normoblasts.  There  was  marked  poiki- 
locytosis.  Several  other  blood  examinations  were  made,  which  confirmed 
the  primary  examination. 

The  patient  continued  under  ob?(ervation  for  about  two  weeks,  remaining 
practically  in  the  same  state,  but  with  the  addition  of  an  edema  of  the  lower 
extremities  gradually  increasing  in  severity.  He  was  obliged  to  go  East  at 
this  time,  and  died  suddenly  in  Boston,  on  November  7th.  An  autopsy  was 
not  performed.     There  was  no  perceptible  cause  for  the  disease  to  be  found. 

Case  XXIX.  is  an  important  and  most  instructive  one,  and  is  reported  in 
detail  with  the  postmortem  findings,  including  a  microscopic  examination 
of  the  different  tissues  of  the  body.  Mrs.  V.  J.,  aged  thirty-nine  years, 
married,  mother  of  four  children,  came  to  the  Presbyterian  Hospital,  Chicago, 
on  July  26,  1900.  Her  father  is  living,  and  has  had  stomach  trouble  a 
good  deal  of  his  life.  Her  mother  died  of  paralysis.  A  maternal  aunt  died 
of  cancer.  There  is  one  brother  and  seven  sisters,  all  living  and  in  good 
health.  The  patient  has  been  obliged  to  work  hard  all  her  life,  and  hjis  not 
been  in  good  health  since  the  birth  of  her  last  child.  Two  of  her  children 
are  living  and  two  are  dead.  One  was  still-born.  The  patient  had  typhoid 
fever  when  she  was  young,  and  suffered  from  malarial  fever,  as  it  was  told 
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her,  two  years  ago.  Her  present  illness  began  after  the  birth  of  her  last 
child,  seven  years  ago.  There  was  indigestion,  with  gaseous  eructations, 
acidity,  fulness  and  weight  in  the  epigastrium  after  eating.  Occasionally 
there  was  yomiting,  but  the  vomiting  had  no  relation  to  the  meals.  She 
never  vomited  blood.  On  several  occasions  she  vomited  bile  after  repeated 
attacks  of  vomiting.  The  appetite  has  been  variable  on  the  whole,  but  had 
been  often  good.  There  was  diarrhea  with  watery  stools  containing  undi- 
gested food  for  the  first  six  years  of  her  illness. 

A  year  ago  she  commenced  Christian  Science  treatment,  and  after  six 
months  the  diarrhea  ceased  and  she  became  much  better.  Recently  there 
has  been  a  good  deal  of  irritation  of  the  bladder,  with  a  desire  to  urinate 
frequently.  There  has  been  a  sense  of  pressure  about  the  rectum,  and  at 
times  some  pain,  especially  if  the  bowels  were  constipated.  There  has  been 
some  difficulty  in  getting  the  bowels  to  move,  because  of  a  sense  of  numbness 
in  the  rectum  in  the  last  few  weeks.  Menstruation  ceased  four  months  ago ; 
the  flow  was  scant  for  a  month  or  two  preceding  the  cessation.  Strength 
and  endurance  have  been  gradually  lost.  She  was  overworked  during  most 
of  the  illness,  but  her  legs  became,  finally,  so  weak  that  she  was  oblig^  to 
remain  in  bed  on  and  after  December,  1899.  She  and  her  friends  noticed 
that  she  was  paler  than  usual  and  that  the  skin  had  a  yellowish  tinge.  This 
has  increased  since  she  has  been  in  bed.  She  has  noticed  that  her  legs  have 
become  much  weaker  since  she  went  to  bed,  and  that  she  has  not  complete 
control  of  the  bladder.  The  bowels  have  usually  been  constipated,  and 
required  a  laxative  or  the  injection  of  water  into  the  bowel  to  move  them. 

Examination  showed  a  woman  fairly  well  nourished ;  the  skin  was  very 
pale  and  of  a  distinct  yellowish  tint.  The  mucous  membranes  of  the  lips 
and  mouth  were  pale.  The  tongue  was  indented  and  furred.  There  were 
no  carious  teeth ;  the  lungs  were  negative.  The  heart  area  was  normal. 
There  was  a  soft  systolic  blow  in  the  mitral  and  pulmonic  areas.  The  radial 
pulse  was  about  100  per  minute,  small  and  soft.  There  was  diastasis  of  the 
recti  abdominalis  muscles.  The  belly  was  ^'  pot  formed."  There  was  very 
palpaple  visceroptosis,  including  the  liver,  kidneys,  spleen,  intestines,  and 
stomach.  The  uterus  was  retroverted  and  moderately  fixed.  Some  pain 
was  caused  by  an  attempt  to  restore  it  to  the  normal  position.  The  body  of 
the  uterus  was  small,  and  a  small  nodule  was  felt  in  its  posterior  surface. 
The  rectum  was  normal ;  the  eye-grounds  were  normal.  The  patient  had 
abrasions  of  the  skin  over  the  sacrum,  and  lay  partly  upon  the  side,  with  the 
thighs  and  legs  flexed.  There  was  some  atrophy  of  the  muscles  of  the  lower 
extremities,  chiefly  of  the  extensor  groups.  The  knee-jerk  was  increased. 
There  was  a  slight  ankle  clonus,  more  marked  in  the  left  than  in  the  right 
foot.  Babiiisky's  sign  was  present  in  the  right,  but  not  in  the  left.  Sensa- 
tion was  diminished  in  the  lower  extremities,  most  marked  in  the  feet  and 
legs,  and  almost  normal  in  the  thighs.  Muscular  sense  was  noticeably 
absent.  The  patient  could  perceive  pain,  and  in  certain  areas  of  the  leg 
could  distinguish  heat  from  cold,  but  in  others  heat  was  felt  as  pain,  and  cold 
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vu  felt  Bs  a  touch  only.  There  was  a  small  nrea  io  the  left  iDguin&I  region 
aud  upon  the  outer  surface  of  the  right  thigh,  where  tactile  sense  was  dimin- 
ished and  beat  was  felt  as  pain.  There  was  noticeable  loss  of  power  in  the 
legs  and  thighs,  which  was  more  marked  in  the  right  than  in  the  left. 
There  was  loss  of  power  in  the  rectum  and  bladder.  The  muscular  power 
and  the  sensation  of  the  skin  in  the  upper  extremities  seem»l  normal.  The 
patient  complained  of  a  sense  of  constriction  about  the^abdomen,  beginning 
at  the  waist-line.     The  urine,  specific  gravity,  1012;   acid  reaction  ;   no 
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slliumiD,  DO  sugar,  and  microscopically  negative.  Blood  examination: 
Hemoglobin,  20  per  cent. ;  red  cells,  610,000,  and  white  cells  3200  per  cubic 
"aillimeter.  Poikilocytosis  was  very  marked,  and  nucleated  red  cells,  with 
•segaloblasts  predominating,  were  found.     (Chsrt  V.). 

1'he  patient  remained  in  the  hospital  steadily  from  that  time  until  the  date 
"I  her  death,  on  February  27, 1901.  Slany  blood  examinstions  were  made, 
*9  indicated  in  the  accompanying  chart,  which  showed  two  waves  of  improve- 
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ment  while  under  observation,  and  the  death  of  the  patient  occurred  during 
the  last  wave  of  improvement.  The  blood  findings  were  in  every  way  all 
characteristic  of  pernicious  anemia.  The  interesting  point  in  the  case  is  the 
spinal-cord  involvement,  which  consisted  of  a  paraparesis,  noted  at  the  time 
of  admission,  and  which  gradually  increased  up  to  the  time  of  her  death. 
There  was  finally  complete  paralysis  of  the  bladder,  and  in  consequence 
thereof  infection  which  extended  into  the  kidney,  and  the  patient  died  of 
septicemia  dependent  upon  a  pyelonephrosis.  This  was  possibly  aggravated 
by  extensive  bed-sores,  which  increased  in  extent  and  depth  in  spite  of  the 
greatest  care. 

The  stomach  contents  were  examined  after  test-meals  on  several  occasions, 
and  hydrochloric  acid  was  found  absent  in  every  instance.  The  stools  were 
examined,  and  were  found  negative  as  to  parasites.  The  urine,  after  the 
infection  of  the  bladder,  became  alkaline,  and  contained  a  good  deal  of  pus 
and  many  bacteria.  The  character  of  the  bacterial  infection  was  not  dis- 
covered. During  the  greater  part  of  the  illness  the  temperature  of  the 
patient  ran  an  irregular  course  of  either  a  remittent  or  an  intermittent  type, 
but  it  was  never  severe  in  degree.  The  pulse  was  usually  rapid  and  small, 
and  there  was  always  a  complaint  of  great  weakness  and  breathlessness  upon 
exertion.  The  nourishment  of  the  patient  remained  good  throughout  the 
whole  illness.  Her  appetite  was  usually  good,  and,  although  digestion  was 
not  perfect,  assimilation  of  the  food  occurred.  About  the  middle  of  Janu- 
ary, 1901,  infection  of  the  bladder  and  of  the  kidneys  occurred,  and  from 
that  time  on  the  patient  suffered  from  a  remittent  and  intermittent  type  of 
fever  of  severe  degree,  and  at  times  was  delirious,  in  consequence  apparently 
of  the  fever.  Five  days  before  death  the  temperature  fell  below  normal, 
and  remained  so  until  death,  and  for  two  days  preceding  the  demise  it  regis- 
tered from  93°  to  94°  F.  in  the  rectum.  The  pulse  and  respiration  fell  with 
the  temperature,  and  the  patient  died  with  a  very  low  temperature,  slow 
pulse,  and  slow  respiration.  At  the  time  of  death  the  blood  findings  indi- 
cated a  wave  of  improvement,  and  just  at  death  there  was  a  terminal  leu- 
kocytosis. 

The  postmortem  exainination  was  made  by  Professor  Hektoen  at  the 
Presbyterian  Hospital  on  February  27,  1901,  when  the  following  post- 
mortem diagnosis  was  made:  General  anemia;  red  marrow  in  femur; 
splenic  hyperplasia ;  degeneration  of  posterior  columns  of  spinal  cord ; 
ascending  cysto-uretero- pyelonephritis,  with  necrosis  of  the  medullary 
papilUe ;  bronchopneumonia ;  fatty  liver ;  thrombosis,  with  softening  of 
inferior  vena  cava  and  continuations  to  the  left  of  the  renal  vein  ;  sclerosis 
of  aorta  ;  chronic  pelvic  peritonitis,  with  tubo-ovarian  adhesions  ;  extensive 
sacral  decubitus  ;  edema  of  feet. 

The  body,  which  is  still  warm,  is  that  of  a  rather  middle-aged,  poorly- 
nourished  woman.  There  is  no  rigor  mortis,  and  no  posterior  lividity. 
There  are  huge  bed-sores,  with  great  undermining  of  skin  over  sacrum, 
exposing  the  coccyx  and  lower  part  of  the  sacrum  and  the  left  trochanter. 
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The  limbs  are  fixed  ;  the  knees  somewhat  flexed,  and  the  feet,  especially  the 
left  oue,  slightly  edematous.  The  sclerotic  coats,  especially  that  of  the  left 
eye,  show  traces  of  recent  hemorrhage. 

The  abdominal  cavity  m  empty,  and  peritoneum  smooth.  The  pleural 
cavities  are  empty  and  smooth.  Mucous  membrane  of  the  gums  is  intact. 
The  tongue,  in  its  anterior  roof,  shows  branching  Assures  ;  its  mucous  mem- 
brane, as  well  as  that  of  the  pharynx,  esophagus,  larynx,  and  trachea,  is 
normal.  Peribronchial  glands  normal.  The  lungs  are  pinkish  externally, 
and  but  little  pigmented ;  they  are  soft,  spongy,  and  crepitant.  The  cut 
surface  is  pinkish  and  bloodless.  In  the  lower  lobe  of  the  right  lung  there 
are  several  areas  of  recent  lobular  consolidation,  from  which  a  thin,  purulent 
fluid  can  be  expressed.  In  this  lobe  the  bronchi  also  contain  mucopus.  In 
the  upper  lobe  there  are  one  or  two  small,  black,  subpleural  concrements. 

The  heart  weighs  250  grams.  There  is  a  considerable  amount  of  subepi- 
cardial fat.  The  cavities  are  somewhat  dilated,  and  contain  a  small  amount 
of  fluid  blood  ;  their  walls  are  thin  and  flabby  ;  myocardium  is  normal.  In 
the  lefl  ventricle  there  is  an  aberrant  tendinous  cord,  which  crosses  the 
cavity  in  the  lower  half.  There  is  no  evidence  of  fatty  degeneration  in  the 
myocardium.  The  beginning  of  the  pulmonary  artery  is  smooth.  The  right 
shows  several  yellowish  areas,  the  largest  one  being  in  its  descending  por- 
tion. There  is  an  obliterating  thrombus  of  the  inferior  vena  cava,  begin- 
ning opposite  the  fourth  lumbar  vertebra  and  extending  downward  to  the 
iliac  veins  and  the  right  side  into  the  femoral  vein  and  its  branches  almost 
to  the  knee.  The  thrombus  in  the  left  iliac  vein  is  red,  in  places  grayish, 
with  extensive  puruloid  softening. 

The  spleen  weighs  350  grams  ;  its  external  surface  is  smooth  and  of  slaty 
color ;  the  capsule  does  not  wrinkle.  The  cut  surface  is  of  true  reddish-gray 
color ;  its  consistence  is  quite  firm,  its  connective  tissue  being  visibly  in- 
creased.   The  Malpighian  bodies  are  not  visible  except  in  a  few  places. 

The  liver  weighs  1800  grams.  There  are  a  few  perihepatic  adhesions 
binding  it  to  the  diaphragm.  It  is  yellowish  in  color,  both  externally  and 
on  the  cut  surface.  On  section  the  peripheral  parts  of  the  lobules  appear 
much  yellower  than  the  central  portions.  The  bile  passages  are  patent. 
The  gall-bladder  contains  a  quantity  of  very  thick,  viscid,  tarry  bile,  and  a 
number  of  small,  faceted  calculi. 

The  pancreas  is  normal  in  size,  and  appears  normal  on  its  cut  surface. 

The  stomach  is  small  and  contracted;  its  mucous  membrane  was  not 
examined.  The  stomach  was  filled  with  formalin  for  histologic  purposes. 
Mucous  membrane  of  the  small  intestine  is  intact,  and  apparently  not 
greatly  atrophic ;  that  of  the  large  intestine  and  rectum  is  normal.  The 
vermiform  appendix  is  also  normal. 

The  kidneys  are  enlarged,  weighing  together  520  grams.  Their  external 
ftwfaces,  particularly  that  of  the  right,  show  roughening  of  the  capsule, 
with  yellowish  spots,  some  of  them  purulent.  The  pelvis  of  each  is  filled 
with  turbid,  thick  pus,  in  which  there  are  many  necrotic  masses.     Mucous 
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membrane  of  the  pelvis  is  thick,  and,  in  places,  ulcerated  and  irregular. 
The  apices  of  some  of  the  medullary  pyramids  are  distinctly  necrotic,  being 
capped  by  a  yellowish,  rather  firmly  adherent  eschar.  In  some  places  this 
has  fallen  off,  leaving  ulcers.  The  calices  appear  dilated,  and  lines  of  sup- 
puration extend  upward  into  the  medullary  pyramids  and  into  the  cortex. 
In  the  pelvis  of  the  left  kidney  there  is  a  firm,  yellowish,  adherent  thrombus 
in  the  branches  of  the  renal  vein.  The  ureters  are  thickened  and  somewhat 
dilated  ;  their  mucous  membrane  is  roughened  and  covered  with  pus.  The 
urinary  bladder  is  contracted,  and  its  walls  thicker  than  normal.  Its  cavity 
contains  a  small  quantity  of  turbid  fluid.  The  mucosa  is  roughened,  and 
in  places  is  diffusely  red  and  hemorrhagic. 

The  right  ovary  and  tube  are  small  and  shrunken  and  embedde<l  in  adhe- 
sions. There  are  adhesions  about  the  left  ovary  and  tube,  among  which 
there  is  quite  a  large  collection  of  serou3  fluid.  The  uterus  is  about  normal 
in  suze.  Its  mucous  membrane  is  smooth.  There  is  a  bilateral,  old  cervical 
tear.     The  vagina  is  normal. 

The  skull  and  membranes  of  the  brain  are  normal.  There  is  an  excess  of 
cerebrospinal  fluid ;  in  the  lower  part  of  the  spinal  cord  there  are  numeroiu 
minute,  bony  white  scales  in  the  meshes  of  the  pia-arachnoid.  The  cord  a 
about  uniform  in  consistency  throughout.  On  cut  section  there  is  distinct 
degeneration  in  the  posterior  internal  columns.  In  the  lower  part  of  the 
cord  this  degenerated  area  becomes  wider  and  more  irregular. 

The  marrow  of  the  left  femur  is  deeply  red  throughout  and  quite  cellular. 
Smears  contain  megaloblasts,  normoblasts,  etc. 

Histologic  examination  made  by  Mr.  Robinson  in  the  laboratory  of  Pro- 
fessor Ludvig  Hektoen  and  by  Dr.  J.  F.  Smith,  of  the  house  staff  of  the 
Presbyterian  Hospital : 

Lungs.  Sections  from  the  more  solid  portions  of  the  lungs  showed  marked 
degeneration  ;  quite  extensive  destruction  of  the  alveolar  walls,  with  the 
alveolar  spaces  of  the  large  portion  of  them  completely  filled  by  disintegrat- 
ing leukocytes  and  a  serous  transudation.  In  the  remaining  part  the  con- 
solidation is  much  less  complete.  The  alveoli  are  occupied  and  the  character 
of  the  material  within  them  somewhat  different,  the  serous  portion  being 
much  more  abundant,  and  the  leukocytes  fewer  in  number.  A  considerable 
amount  of  blood  can  be  seen  along  the  lines  of  the  broken  alveolar  walls  in 
the  denser  portions  of  the  sections.  The  smaller  capillary  vessels  also  are 
highly  congested,  and  the  large  vessels,  whose  walls  show  evidence  of  degen- 
eration in  their  granular  and  fragmentary  appearance,  are  distended  with 
serous  material. 

Heart.  The  muscular  fibers  under  high  power  of  the  microscope  present 
a  peculiar  appearance.  Along  the  margins  the  protoplasm  appears  normal, 
with  its  transverse  striations  distinctly  visible,  while  the  central  portion  in 
many  places  is  pale  and  degenerated,  and  shows  no  transverse  striations. 
This  gives  to  the  fibers  somewhat  the  appearance  of  a  separation  into  two 
longitudinal  divisions.    Many  of  the  fibers  show  a  longitudinal  splitting  into 
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fine  threads.  The  nuclei  stain  well,  but  the  protoplasm  throughout  shows 
some  irregularity  on  staining.  Bands  of  light  color  cross  the  fibers  trans- 
versely.    Many  of  the  nuclei  are  large  and  irregular. 

Fetnoral  Vein.  Sections  of  this  vessel  show  the  wall  varying  considerably 
in  thickness  in  different  portions,  containing  but  a  scant  amount  of  muscular 
tissue.  The  lumen  is  occupied  by  a  large  mass  of  fibrin  and  disintegrated 
blood,  the  central  part  of  which  is  less  dense  and  more  granular,  being  com- 
posed largely  of  degenerated  cellular  elements.  Around  the  margins  of  the 
mass  some  evidence  of  proliferation  of  the  fixed  tissue  cells  is  seen,  and  in  a 
few  places  there  are  growths  starting  inward  from  the  vessel  wall.  No  bac- 
teria can  be  found  in  sections  stained  by  Gram's  method. 

Spleen.  The  Malpighian  bodies  are  very  indistinct  throughout  the  greater 
portion  of  the  section,  and  in  some  places  entirely  invisible.  The  splenic 
tissue  in  all  parts  of  the  section  is  greatly  obscured  by  the  presence  of  an 
enormous  amount  of  blood.  The  nuclei  of  the  cells  were  visible,  stained 
quite  deeply,  but  their  protopla-^m  is  pale.  The  capsule  of  the  organ  is 
thickened,  and  the  connective  tissue  within  is  notably  increased  in  amount, 
but  has  a  peculiar  granular,  disintegrated  appearance,  which  is  seen  also  in 
the  walls  of  the  vessels  included  within  the  larger  trabeculse.  The  blood- 
vessels show  some  increase  in  thickness  of  their  walls,  and  the  lumens,  in 
most  instances,  are  engorged  with  blood.  The  elastic-tissue  fibers  are  much 
increased,  as  shown  by  Weigert's  special  stain. 

Liver.  Sections  of  the  liver  show  extensive  fatty  degeneration,  particu- 
larly in  the  peripheral  portion  of  the  lobules,  where  the  liver  cells  are 
almost  entirely  replaced  by  fat  vacuoles.  Only  a  very  scanty  amount  of 
protoplasm  and  a  few  poorly  stained  nuclei  remain.  Immediately  surround- 
ing the  central  vein  of  the  lobule  there  is  in  most  cases  a  small  area  of  liver 
tissue,  almost  free  from  fat,  showing,  however,  evidences  of  degeneration  by 
the  dull  color  and  granular  character  of  its  protoplasm,  pale  staining  of  the 
nuclei,  and  the  presence  of  some  granular  detritus  in  the  spaces  between  the 
cell  columns.  The  capsule  of  the  organ  is  not  thickened,  nor  is  the  inter- 
lobular connective  tissue  apparently  increased  in  amount.  The  bile  ducts  are 
not  proliferated.  Some  of  them  are  large  and  have  wide  lumens.  The 
bloodvessel  walls  show  no  particular  changes ;  the  lumens  are  occupied  by 
varied  amounts  of  true  blood.  Staining  with  ferrocyanide  shows  small 
amounts  of  granular  iron  here  and  there  in  the  interstitial  tissues.  Staining 
by  Adami's  carbolthionin  method  shows  many  diplococcus-like  bodies  located 
within  and  between  the  liver  cells. 

Pancreas.  Sections  of  this  organ  stain  well,  and  show  no  apparent  abnor- 
mality more  than  a  congestion  of  some  of  the  smaller  bloodvessels,  and 
perhaps  a  slight  increase  in  the  thickness  of  their  walls.  The  lobules  are 
distinctly  marked  off.  Numerous  bodies  of  Langerhans  of  various  size  are 
present  throughout  the  section. 

Stomach.  Sections  of  the  fundal  portion  of  the  stomach  show  marked 
thinning  of  its  wall,  particularly  of  its  mucous  and  muscular  layers.     The 
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glands  of  the  mucosa  are  few,  shallow,  atypical,  and  the  epithelial  cells  of 
their  liDiug  are  very  indistinctly  marked  off  and  poorly  stained.  Round-cell 
infiltration  is  present.  The  submucous  layer  is  comparatively  thick.  Most 
of  its  vessels  are  congested.  The  muscular  layers  are  thin  and  pale.  Prac- 
tically the  same  may  be  said  of  sections  very  near  the  middle  of  the  leaser 
curvature  of  the  organ.  Muscular  tissue,  however,  is  more  abundant,  and 
the  thickened  vessel  walls  in  the  submucosa  are  more  evident.  In  sections 
from  near  the  pylorus  atrophic  changes  are  not  seen.  Mucosa  is  normal  in 
thickness  and  appearance,  and  the  muscular  layers  are  white,  dense,  and  well 
stained.  On  the  inner  surface  and  in  the  lumens  of  the  more  superficial 
glands  are  seen  bacterial  colonies. 

Intesthies.  The  intestinal  tract  in  its  upper  portion — that  is,  the  duodenam 
and  jejuno-ileum — ^ahows  no  marked  pathologic  change.  Walls  of  the 
ileum,  particularly  in  the  region  of  the  cecum,  are  rather  atrophic,  especially 
its  mucous  layer,  which  in  places  is  reduced  to  a  narrow  band,  with  but 
slight  resemblance  to  mucosa.  There  is  diffuse,  round-celled  infiltration  of 
the  mucosa.  The  submucosa  in  places  is  congested  and  edematous.  Numer- 
ous mast  cells  are  seen  in  the  submucous  layer. 

Kidneys,  Sections  of  the  kidney  show  marked  destructive  ckanges  toward 
the  apices  of  the  pyramids.  The  surface  bordering  on  the  pelvis  is  com- 
posed of  typical  granulation  tissue  infiltrated  by  large  numbers  of  polymor- 
phonuclear leukocytes.  There  is  diffuse,  almost  universal  edema  and 
leukocytic  infiltration  of  the  somewhat  increased  interstitial  tissue,  and  con- 
gestion of  the  capillary  and  larger  vessels.  Throughout  the  section  are 
granular  necrotic  areas  of  variable  size,  and  minute  abscesses.  A  large  por- 
tion of  the  tubules  in  both  pyramidal  and  cortical  portions  are  dilated  and 
packed  with  masses  of  polymorphonuclear  leukocytes  embedded  in  a  granular 
debris.  In  many  places  the  cells  have  undergone  complete  necrosis,  involv- 
ing also  the  lining  epithelium  and  peritubular  connective  tissue.  The 
straiorht  tubules,  even  where  densely  packed,  often  have  an  intact  epithelium 
with  clear  nuclei.  In  others  it  is  flattened,  degenerate,  or  necrotic.  The 
glomeruli  have  somewhat  thickened  capsules  and  are  much  congested. 
Others  yet  show  carious  degenerative  changes,  not  a  few  being  entirely 
necrotic  and  granular.  In  some  places  glomeruli  and  tubular  contents  have 
dropped  away  during  the  handling  of  the  sections,  leaving  only  the  thickened 
connective  tissue  framework. 

Spinal  Cord.  Sections  of  the  cord,  stained  by  the  Weigert-Pal  method, 
show  degenerative  changes,  with  absence  of  myelin  sheaths  from  many  of 
the  tracts,  at  some  levels  comparatively  few  sheaths  are  present  in  any  part 
of  the  transverse  section,  and  their  absence  from  the  posteromedian  and 
crossed  pyramidal  tracts  is  more  or  less  complete  at  all  of  the  levels  examined. 

Baderiohr/lr  Eraminatton.  Media  inoculated  from  the  heart's  blood  showed 
no  gross  changes,  either  by  aerobic  or  anaerobic  methods  of  cultivation. 
No  cultures  were  obtained  from  the  lungs.  Upon  an  agar  slant  inoculated 
at  the  autopsy  from  the  thrombosed  femoral  vein  there  developed  a  pare 
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culture  of  bacillus  coli  communis.  Upon  agar-agar  plates  from  the  liver 
there  appeared  a  number  of  small,  white  colonies  composed  of  small  cocci, 
which,  stained  by  Gram's  method,  produced  a  moist,  whitish  growth  on 
glycerin  agar,  a  dirty  brownish-white  growth  with  discoloration  on  potato, 
no  apparent  change  in  litmus  milk,  no  gas  in  glucose  agar,  and  no  lique- 
faction of  gelatin.  From  the  kidney  were  obtained  cultures  of  small  cocci 
which  stained  by  Gram's  method,  and  in  subcultures  produced  gross  char- 
acteristic staphylococcus  albus,  also  small,  bluish-white  colonies  of  small 
oval  bacilli,  which  were  almost  completely  decolorized  by  Gram's  method 
of  staining,  produced  a  scanty,  moist  growth  upon  the  surface  of  glycerin 
agar,  a  brownish  growth  with  discoloration  on  potato,  gas  in  glucose  agar, 
apparently  no  alkalinity  on  litmus  milk,  and  a  funnel-shaped  liquefaction 
of  gelatin. 

It  was  intended  to  give  illustrations  of  sections  of  the  spinal  cord 
at  different  heights  to  show  the  site  of  the  degenerative  changes  in 
the  cord.  Sections  made  of  the  medulla  and  pons  show  degeneration 
of  certain  tracts  here  as  well  as  in  the  cord,  and  it,  therefore,  seems 
wiser  to  postpone  the  report  upon  the  histology  of  the  cord  until  a 
more  extended  examination  may  be  made  including  the  entire  cerebro- 
spinal system.  This  will  be  the  subject  of  a  future  report  to  the 
Association. 

The  changes  in  the  spinal  cord  in  this  case  are  the  same  apparently 
as  those  reported  by  others,  and  consist  of  degeneration  in  the  postero- 
median, the  pyramidal,  the  direct  cerebellar,  and  Gowers'  tracts. 
Diffuse  degeneration  appears  in  this  case  in  the  cervical  and  upper 
dorsal  cord.  It  seems,  therefore,  in  this  case  that  while  the  degener- 
ative changes  are  limited  to  certain  columns  in  some  parts  of  the  cord, 
especially  in  the  lumbar,  dorsal,  and  upper  cervical,  it  becomes  more 
diffuse,  as  noted  above,  in  other  portions  of  the  cord.  One  of  the 
peculiar  conditions  noted  is  the  absence  of  shrinkage  in  the  degener- 
ated tracts.  Possibly  this  may  be  due  to  the  shorter  course  of  the 
disease  as  compared  with  the  more  chronic  cord  lesions  of  locomotor 
ataxia,  lateral  sclerosis,  etc. 
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At  the  meeting  of  the  Association  in  1900  I  reported  five  cases  of 
pernicious  anemia,  each  of  which  possessed  features  of  unusual 
clinical  interest,  and  made  some  remarks  upon  the  diagnosis  of  the 
disease  and  the  characteristic  alterations  of  the  blood  which  it  pre- 
sents. Exception  was  taken  to  one  of  my  cases  (Case  IV.^)  on  the 
ground  that  nucleated  red  cells,  and  especially  megaloblasts,  had 
never  been  found  in  the  blood  of  the  patient  In  reply  to  my  ques- 
tion as  to  how  my  critic  would  classify  such  a  case  as  I  reported, 
he  said  that  he  "  should  regard  it  as  a  case  of  secondary  anemia  of 
unknown  origin."*'^  He  also  stated  that  he  had  "  had  a  number  of 
such  cases  ending  in  recovery,"'  but  saw  no  reason  to  regard  them 
as  cases  of  pernicious  anemia.  I  will  not  stop  to  discuss  the  ques- 
tion whether,  with  our  present  knowledge,  pernicious  anemia  may 
not  be  defined  as  a  "  secondary  anemia  of  unknown  origin,"  but  will 
ajirain  refer  to  the  implication  that  such  cases  as  my  Case  IV.  are  by 
no  means  rare. 

I  will  now  briefly  relate  the  main  clinical  features  of  the  case 
whose  progress  I  am  reporting.  In  vol.  xv,  of  the  Transactions 
its  caption  is  as  follows  :  "  Case  lY.  Under  observation  six  years, 
during  which  there  have  been  several  slight  and  two  severe  re- 
lai)ses,  chronic  gastrointestinal  catarrh,  with  marked  exacerbations 
preceding  and  during  the  relapses ;  complete  restoration  to  health." 

»  Transactions  of  thk  Association  of  American  Physicians,  vol.  xv.  p.  852. 
«  Loc.  cit  ,  p.  366.  «  Loc.  Clt,  p.  362. 
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In  the  extreme  reduction  of  the  red  cells  (to  1,237,500  per  cubic 
millimeter — L  e.,  to  about  25  per  cent,  of  the  normal)  the  increased 
percentage  (30)  of  hemoglobin,  the  hypoleukocytosis,  and  poikilocy- 
tosis,  as  well  as  in  the  symptoms  both  positive  and  negative,  the 
case  was  a  typical  one  of  pernicious  anemia.  At  the  time  of  my 
report  last  year  the  patient  considered  himself  in  the  best  of  health, 
and  his  general  appearance  was  "  indicative  of  vigor  and  activity." 
The  recent  history  of  the  case  is  as  follows : 

"  I  was  asked  to  see  the  patient  in  consultation  with  Dr.  L.  D. 
Judd  on  March  29,  1901,  and  found  him  in  a  state  of  profound 
anemia.  I  found  that  he  had  been  progressively  failing  in  strength  ; 
in  other  words,  becoming  more  and  more  anemic  during  the  autumn 
of  1900,  and  that  in  December  he  had  had  another  attack  of  erysip- 
elas. A  week  before  I  saw  him  he  had  returned  from  a  visit  to 
Atlantic  City,  where  he  had  been  under  the  care  of  Dr.  Philip 
Marvel,  who,  on  February  27th,  had  examined  his  blood  with  the 
following  result:  Number  of  red  cells  per  cm.,  1,240,000;  hemo- 
globin, 32  per  cent. ;  white  cells,  3000  per  cm. ;  marked  poikilocy- 
tosis,  A  differential  count  was  not  made,  nor  is  anything  said  in 
the  report  concerning  nucleated  red  cells.  These  figures  are  almost 
precisely  identical  with  those  of  a  count  I  made  on  February  3, 
1894.  On  one  of  my  visits  in  March  of  the  present  year  I  made 
several  cover-glass  preparations  and  sent  them  to  Dr.  L.  X.  Boston, 
who  reported  the  presence  both  of  normoblasts  and  megaloblasts. 
Under  the  use  of  arsenic  and  iron  the  patient  is  steadily  improving, 
although  his  urine  contains  a  considerable  quantity  of  albumin.  This 
albuminuria  was  a  feature  also  of  the  last  relapse,  but  disappeared 
pari  passu  with  improvement  in  health  and  strength." 

I  presume  that  no  member  of  the  Association  has  now  any  doubt 
that  this  is  a  typical  case  of  pernicious  anemia,  although,  in  my 
opinion,  there  never  should  have  been  the  slightest  question  con- 
cerning the  diagnosis.  The  demonstration  of  megaloblasts  in  the 
blood  was  not  at  all  necessary  to  confirm  it.  There  is  a  tendency 
at  the  present  time  to  regard  the  presence  of  these  cells  in  the  blood 
as  the  sole  criterion  of  pernicious  anemia.  According  to  this  view, 
a  case  may  present  symptoms  and  signs  and  blood  clianges  such  as 
are  not  found  united  in  any  disease  except  pernicious  anemia,  and 
yet  if  megaloblasts  are  not  detected  in  the  blood  the  diagnosis  of 
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pernicious  anemia  is  unwarranted.  Such  a  doctrine  api>ears  to  me 
as  i)ernicious  as  the  disease  to  which  it  is  applied,  and  for  the  fol- 
lowing reasons :  First,  because,  as  already  stated,  the  symptoms 
and  signs,  both  positive  and  negative,  and  the  l)lood  changes  of 
pernicious  anemia,  apart  from  the  presence  of  nucleated  cells,  dis- 
tinguish it  sharply  from  all  other  diseases.  Secondly,  because 
nucleated  cells,  whether  large  or  small,  are  not  pathognomonic 
of  pernicious  anemia.  A  symptom  or  sign  to  be  pathognomonic 
must  fulfil  one  of  the  requirements  of  a  specific  germ — L  c,  it  must 
occur  in  association  with  but  one  disease.  Now,  this  is  not  the  case 
with  the  cells  called  megaloblasts,  which  are  found  in  leukemia,  in 
bothriocephalus-anemia,  and  occasionally,  though  very  rarely,  in 
cases  of  carcinoma  ventriculi  and  syphilis.^  If  the  presence  of 
megaloblasts  in  the  blood  were  pathognomonic  of  pernicious  ane- 
mia, the  diagnosis  of  that  disease  could  be  made  more  accurately  in 
the  laboratory  than  at  the  bedside.  Now,  this  is  bv  no  means  the 
case,  for  it  is  impossible  for  the  histologist  to  distinguish  a  sjiecimen 
of  blood  from  a  case  of  bothriocephalus-anemia  from  one  derived 
from  a  case  of  that  mysterious  disease  so  well  styled  by  Birch-Hirsch- 
feld  cryptogenetic  anemia. 

The  diagnosis  of  pernicious  anemia  is  most  firmly  based  upon  the 
tout  ensemble  of  signs  and  symptoms,  both  positive  and  n^ative. 
The  presence  of  megaloblasts  is  confirmatory  of,  but  not  indispen- 
sable to,  the  diagnosis.  They  possess  a  prognostic  rather  than  a 
diagnostic  value,  for  they  often  appear  in  the  blood  in  large  niun- 
bers  shortly  before  death,  and  often  are  absent  for  months  diunng 
periods  of  remission.'^ 

^\'ith  reference  to  the  statement^  that  cases  of  anemia  with  a  hemic 
unit  of  25  and  a  hemoglobin  percentage  of  30  are  not  rare  (they  can- 
not be  rare  if  any  individual  has  seen  "  a  number  "  of  them),  and 
that  they  often  end  in  recovery,  I  e^n  only  say  that  in  a  continuous 
service  in  large  hospitals  dating  from  1874,  during  which  time  I 
have  been  on  the  alert  for  cases  of  pernicious  anemia  and  conditions 
resembling  it,  I  have  had  no  such  experience. 

1  Ehrlich  and  Lnzarus,  die  Ansemie.    NothnageVs  Specielle  Pathologie  und  Theinpie.   I. 
Ablhelluiig.  S.  41. 

2  l^izanis,  die  Ana?mie.    Nothnagcl's  Specielle  Pathologie  und  Therapie.    II.  Abtheilung, 
S.  113. 

3  Transactions  of  the  Association  of  American  Physicianh,  vol.  xv.  p.  862. 
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DISCUSSION. 

Db.  Putnam  :  I  would  like  to  say  a  word  in  regard  to  the  spinal-cord 
changes  in  pernicious  anemia,  as  I  have  been  much  interested  in  that  matter 
for  a  number  of  years,  and  have  recently  reported  a  number  of  cases  in  con- 
nection with  Dr.  E.  W.  Taylor,  of  Boston.  The  question  I  wish  to  raise  is 
whether  the  changes  met  with  in  these  cases  are  really  of  a  specific  sort,  or 
whether  they  are  similar  to  changes  found  in  somewhat  analogous  cases 
without  pernicious  anemia.  If  they  are  essential  and  peculiar  to  pernicious 
anemia  we  might  suppose  them  to  be  due  to  the  same  cause  as  pernicious 
anemia,  to  some  special  poison,  perhaps.  On  the  other  hand,  it  seems  to  be 
generally  conceded  that  they  are  not  due  to  anemia  as  such. 

The  other  class  of  cases  to  which  I  allude  are  those  of  which  I  reported 
eight  cases  some  ten  years  ago,  in  which  conditions  of  malnutrition  are  present 
as  a  rule,  but  in  which  there  is  no  pernicious  anemia,  strictly  speaking.  Some 
of  these  cases  run  on  for  ten  or  twelve  years.  Dr.  Risien  Russell  and  Dr. 
Batten,  of  London,  have  recently  published  an  account  of  this  second  group 
of  spinal  cases,  which  they  consider  quite  distinct  from  pernicious  anemia, 
and  Bastianelli  takes  a  similar  view. 

The  photographs  passed  around  of  these  sections  of  the  spinal  cord  show  the 
peculiar  tendency  to  the  formation  of  large  vacuole  spaces  on  the  peripheral 
portions  of  the  older  lesions,  which  are  characteristic  and  seem  to  indicate  a 
rapidly  progressive  process  toward  the  last. 

The  statement  was  made  that  the  posterior  root  areas  were  the  ones  par- 
ticularly "affected.  If  that  is  so,  these  cases  differ  from  most  other  cases  that 
have  been  reported.  The  changes,  as  a  rule,  have  been  scattered,  and  have 
usually  corresponded  to  vascular  areas  rather  than  to  nerve-root  areas, 
whereas  the  latter  distribution  is  characteristic  of  tabes. 

Reference  was  made  to  Adami'e  work  in  this  connection.  This  paper  has 
interested  me  also  very  much.  He  alludes  to  the  possibility  of  intestinal 
bacterial  toxic  action  possibly  giving  rise  to  fibroid  changes  beside  the 
changes  in  the  liver  and  blood,  and  I  wonder  very  much  whether  these 
changes  in  the  spinal  cord  can  be  considered  under  that  head. 

Dr.  Osler  :  May  I  call  attention  to  one  group  of  cases  that  seems  to 
require  additional  study.  You  know  the  group  in  which  there  are  no  spinal 
symptoms  during  life,  but  in  which  the  lesions  are  found  after  death,  and  a 
second  group  in  which  the  spinal  symptoms  are  noted  during  life.  Those 
two  groups  are  well  known,  but  the  third  group,  to  which  Russell  has  called 
attention,  particularly  the  cases  in  which  the  anemia  occurs  subsequent  to 
the  onset  of  spinal  symptoms,  but  which  anemia  is  not  regarded  as  per- 
nicious, has  not  been  studied  in  this  country.  At  the  National  Hospital  for 
Paralytics  and  Epileptics,  Russell  always  has  three  or  four  such  cases  under 
observation. 
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Db.  McPhkdran:  In  regard  to  the  third  group  of  which  Dr.  Osier  has 
spoken,  1  observed  an  interesting  case  last  week.  It  was  a  case  of  very 
marked  chronic  anemia,  but  not  pernicious,  following  nerve  symptoms,  the 
first  of  which  was  a  universal  anesthesia,  which  became  so  marked  that  the 
patient  could  not,  for  instance,  determine  the  taste  of  sugar  until  he  had 
sucked  it  for  some  time.  The  condition  was  not,  however,  a  true  anesthesia, 
but  merely  delayed  sensation.  Following  the  anesthesia  there  were  paralytic 
symptoms,  especially  affecting  the  lower  extremities. 

Dr.  Shattuck  :  I  saw  this  winter  a  case  of  pernicious  anemia  following 
and  apparently  due  to  nervous  shock.  The  son  of  a  previously  healthy 
woman  was  fatally  shot  July  4,  1900.  He  was  her  favorite  son,  and  the 
legal  question  has  been  raised  as  to  whether  the  shooting  was  accidental 
or  not.  She  has  grieved  deeply,  and  now  suffers  from  typical  pernicious 
anemia. 

Dr.  Musser  :  I  have  here  the  notes  of  a  case  of  pernicious  anemia  which 
probably  belongs  to  the  third  group  mentioned  by  Dr.  Osier.  The  patient 
has  been  under  observation  since  1896,  and  when  she  first  came  had  the  char- 
acteristic symptoms  of  locomotor  ataxia,  which  has  since  been  followed  by 
pernicious  anemia.  Prior  to  and  during  the  development  of  the  latter  she 
had  gastric  crises,  probably  from  the  ataxia.  She  has  been  under  the  care  of 
a  number  of  other  physicians  from  time  to  time,  and  among  others  Dr.  Tyson 
saw  her  about  a  year  ago.  In  1899  the  nervous  symptoms  were  about  as 
follows : 

January  21,  1899.  Dr.  Posey  reports:  "Optic  nerves  are  still  paler  than 
normal,  but  do  not  show  any  actual  diseased  condition.  Bight  pupil,  3  mm. 
in  size ;  left,  2^  mm.,  and  the  irides  respond  equally  and  freely  to  accommoda- 
tion stimuli.  With  her  glasses  her  vision  is  normal  in  both  eyee ;  the  report 
of  her  ocular  condition  is  therefore  negative,  with  the  exception  of  the 
pallor  of  the  discs." 

February  Sd,  Pupils  react  equally  and  freely  to  light  and  accommodation. 
There  seems  to  be  a  very  slight  paresis  of  the  right  side  of  the  face.  The 
tongue  is  protruded  in  the  median  line.  Distinct  nystagmus  upon  external 
rotation  of  the  eyebrows.  Slight  ataxia  in  the  arms.  Right  arm,  bicipital 
reflex +;  tricipital  reflex  -f;  muscular  irritability;  periosteal  reflex  di- 
minished ;  persistent  hypothenar  reflex.  Bicipital  and  tricipital  reflexes 
increased  on  left  arm.  Slight  transient  hypothenar  reflex  in  left  hand. 
Periosteal  reflexes  absent.  Muscular  irritability  in  the  right  side  of  the 
face  (Chvostek's  sign).  No  chin-jerk.  Apparent  diminution  of  tactile  sensa- 
tion on  right  side.  No  diminution  of  pain  sense.  Slight  diminution  in 
tactile  sense  on  the  palm  of  the  right  hand.  Patellar  reflex  absent  even 
when  reinforced.  No  Achilles  tendon  reflex.  Inco-ordination  of  both  legs. 
Station,  with  eyes  open,  slightly  impaired ;  with  eyes  closed,  very  poor. 
Gait,  slightly  ataxic;  with  eyes  closed,  exceedingly  ataxic.  The  hands  are 
numb ;    numbness  in  feet,  with  cotton  sensation.    Stereognostic  sensation 
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perfect.  Occipital  headache,  occasionally  passing  to  the  front  part  of  the 
head.  No  supraorbital  or  bulbar  pain  in  the  head.  There  is  an  indication 
of  girdle  sensation,  which  is  apparently  relieved  by  loosening  the  garments. 
There  are  frequent  attacks  of  nausea,  which  is  present  in  the  night-time  as 
well  as  during  the  day,  and  is  relieved  by  eating.  There  appears  to  be 
slight  weakness  of  the  sphincter  vesicsB.  The  patient  has  frequent  attacks 
of  vertigo,  coming  on  suddenly  and  passing  away  in  a  short  time,  which 
compels  her  to  sit  down.  She  frequently  has  burning  of  the  tongue  and 
nose,  and  has  had  frequent  attacks  of  severe  diarrhea.  There  is  a  chronic 
ulcer  of  the  nasal  septu^n.     Weight,  127^  pounds. 

April  24^A.  Dizziness ;  light  head ;  frequent  micturition.  Toward  morn- 
ing (4  A.M.)  wakens  with  pain  and  discomfort  in  stomach  from  flatulence. 
Moving  about  relieves  the  flatus.  Bowels  more  regular ;  mucus  in  passage 
of  formed  stools.  Oil  enemata  have  relieved  the  constipation.  The  tongue 
burns,  and  has  red  points  of  pain  and  abrasions  of  mucous  membrane.  Has 
only  had  one  attack  of  colic  in  seven  weeks. 

April  27, 1901.  Usual  symptoms.  General  loss  of  flesh.  Inability  to  walk 
increased.  One  finger  very  ataxic.  Dizziness.  Menses  ceased  in  December. 
Sleep  marked.  No  fever.  Systolic  murmur  at  apex  transmitted  to  axilla 
and  pulmonary  systolic  murmur.  No  thrill.  Edema  of  legs.  Had  pneu- 
monia in  December.  Appetite  fair.  Flatulence;  indigestion;  constipation. 
Difficult  vision ;  misty.  Urine  free,  but  not  unusually  so.  Tongue  clean ; 
frequent  glossitis.  Liver  and  spleen  not  enlarged.  Attacks  of  acute  gas- 
tritis.   Much  oppression,  but  no  palpitation. 

The  blood-picture  was  as  follows,  in  two  selected  from  the  many  examina- 
tions : 

February  2, 1899.  Hemoglobin,  50  per  cent.;  red  blood-corpuscles,  1,860,000; 
poikilocytes  and  white  blood- corpuscles,  2000;  polymorphonuclears,  72  per 
cent.;  small  mononuclears,  17  percent. ;  transitional,  i  percent. ;  eosinophiles^ 
2  per  cent. ;  large  mononuclears.  Si  per  cent. 

April  27, 1901.  Hemoglobin,  60  per  cent. ;  red  blood-corpuscles,  1,500,000 ; 
white  blood -corpuscles,  500.  Diflerential  count:  Polymorphonuclears,  81  j 
per  cent. ;  small  mononuclears,  16^  per  cent. ;  large  mononuclears,  3  per  cent.; 
transitional,  i  per  cent. ;  eosinophiles,  1  per  cent. ;  myelocytes,  i  per  cent. 

Very  marked  poikilocytosis.  Numerous  megalocytes  and  microcytes.  Color 
index  high.  One  normoblast,  one  typical  megaloblast,  and  three  intermediate 
forms  found.  The  high  color  index,  absence  of  normoblasts,  the  numerous 
megalocytes,  and  the  leukopenia  are  indicative  of  a  pernicious  anemia.  The 
rather  high  percentage  of  polymorphonuclear  cells  is  usually  more  noticeable 
in  secondary  anemia. 

It  is  of  interest  in  the  study  of  pernicious  anemia  to  consider  some  of  the 
diagnoses  made  before  the  patients  come  to  us,  and  in  looking  over  a  series 
of  cases  that  I  have  had  recently,  I  find  that  a  large  majority  are  sent  as  car- 
cinoma of  the  stomach,  or  chronic  gastritis,  or  phthisis,  or  spinal-cord  disease. 
One  was  called  cirrhosis  of  the  liver,  and  others  have  been  sent  with  the  diag- 
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noflis  of  Bright's  disease,  of  valvular  heart  disease,  and  of  malignaDt  endo- 
carditis. If  an  examination  of  the  blood  is  not  made,  and  we  consider  the 
fever,  the  heart  murmurs,  and  the  occurrences  of  subcutaneous  hemorrhage, 
it  is  not  surprising  that  a  malignant  endocarditis  is  suggested. 

The  following  was  supposed  to  be  a  case  of  cancer  of  the  stomach.  The  blood- 
picture  alone  is  given : 

Mrs.  £.  Blood:  May  29,  1900.  Hemoglobin,  40  per  cent.;  red  blood- 
corpuscles,  1,864,000;  white  blood-corpuscles,  4600.  Differential  count: 
Polymorphonuclears,  44  per  cent.;  small  mononuclears,  53  per  cent;  lai]ge 
mononuclears,  0.6  per  cent. ;  transitional,  1  per  cent.  ;  eosinophiles,  1.3  per 
cent.;  megaloblasts,  3  only;  normoblasts,  0;  myelocytes,  0;  very  extreme 
poikilocytosis.  The  low  count,  the  low  number  of  leukocytes,  and  the  dif- 
ferential count  favor  pernicious  anemia.  The  hemoglobin  is  hardly  as  high 
as  is  usually  seen  in  such  cases ;  the  presence  of  megaloblasts  and  absence  of 
normoblasts  is  also  in  favor  of  pernicious  anemia. 

The  next  case  was  thought  to  be  malaria  or  endocarditis. 

Mr.  K.  Blood  :  Hemoglobin,  50  per  cent. ;  red  blood- corpuscles,  2,864,0(K); 
white  blood-corpuscles,  7400.  No  malarial  parasites ;  no  poikilocytosis.  Dif- 
ferential count :  Polymorphonuclears,  86J  per  cent. ;  small  mononuclean,  SJ 
per  cent. ;  large  mononuclears,  3  per  cent  ;  transitional,  If  per  cent. ;  eosioo- 
philes,  i  per  cent. ;  no  nucleated  red  cells ;  3  myelocytes ;  very  little  poikilo- 
cytosis, though  cells  are  small. 

The  appended  chart  shows  the  temperature-range  for  about  ten  days. 
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Dr.  Billings  :  So  far  as  I  have  been  able  to  gather  from  the  literature oo 
this  subject,  the  spinal-cord  changes  are  said  to  be  characteristic  in  that, 
first,  the  nerve  roots  themselves  are  intact,  as  you  see  in  these  photographs; 
second,  that  the  afferent  portious  of  the  cord  are  first  involved ;  third,  that 
the  efferent  columns  are  next  affected,  and  then  the  degeneration  maybe- 
come  irregular,  and  the  irregularity  increases  the  higher  the  disease  aBcends. 
There  is  no  shrinkage  in  these  columns,  even  though  they  are  degenerated. 
That  is  mentioned  in  all  the  reported  cases. 


A  DEMONSTRATION  OF  SOME  FEATURES  OF  PHOTO 

MICROGRAPHY. 


By  CHARLES  S.  BOND,  M.D., 

OF  RICHMOND,  IND. 


Prof.  D.  W.  Dennis,  who  holds  the  chair  of  Biology  in  Earlham 
College,  and  myself  about  a  year  ago  ordered  from  Zeiss,  Germany, 
the  latest  model  of  microscope  for  the  purpose  of  photomicrography. 
The  microscope  is  supplied  with  an  adjustable  abb6  condenser,  iris 
diaphragms,  and  modem  sub-stage.  The  objectives  are  designed  for 
photograph  wcrk,  and  include  the  following  lenses:  2  mm.,  4  mm., 
8  mm.,  16  mm.,  35  mm.,  and  70  mm.  The  eye-pieces  are  also  de- 
signed for  such  work,  and  are  designated  as  the  4,  6,  and  8  compensa- 
ting eye-pieces,  and  a  4  projecting  eye-piece  for  special  work.  All 
other  parts  of  the  instrument  were  purchased  from  Bausch  &  Lomb. 
The  optic  bench,  which  is  43  inches  long  by  15  inches  wide,  is  sus- 
tained three  feet  from  the  floor  by  heavy  iron  legs,  adjustable  on  the 
floor  by  binding  screws  in  the  feet.  This  bench  has  a  track  on  its 
upper  surface,  on  which  slides  the  smaller  secondary  bench  that  sup- 
ports the  optic  instruments  for  lighting  the  object.  This  bench  also 
is  adjusted  by  screws  to  any  desired  position.  At  the  further  end  of 
this  table  stands  an  arc  light  of  about  a  thousand  candle-power.  In 
front  of  this  light  is  a  large  condenser,  containing  four  glasses,  which 
has  a  sliding  adjustment  to  change  the  focal  character  of  the  light. 
This  condenser,  as  well  as  all  other  parts  of  this  bench,  is  mounted 
on  a  track,  which  binds  all  to  the  same  optic  axis  when  properly 
adjusted  for  work.  In  front  of  this  condenser  is  a  ray  filter-holder,  with 
two  compartments,  for  properly  converting  the  light.  Next  in  order 
come  an  alum  cell  to  remove  the  heat,  a  field  diaphragm,  a  shutter  to 
admit  or  obstruct  light,  and  a  double  convex  lens.  The  camera  bench 
is  supported  in  the  same  manner  as  the  optic  bench,  and  is  7  feet  2 
inches  long;  the  bellows  slide  back  and  forward  in  a  grooved  track  at 
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the  pleasure  of  the  operator.  The  microscope  stands  on  the  end  next 
to  the  optic  bench  and,  by  supports  which  are  adjustable,  is  kept 
free  from  motion  in  other  parts  of  this  bench.  These  supports  were 
designed  by  us,  and  comprise  four  screws,  with  wide  base  and  heavy 
tops,  placed  under  each  corner  of  the  microscope  stand  on  the  table,  and 
adjusted  to  the  optic  axis  of  the  light.  The  camera  has  a  range  of  To 
inches  from  the  stage  to  the  microscope,  and  a  working  range  of  50  inches. 
The  ground-glass  is  9  x  9  inches,  and  is  interchangeable  for  the  plate- 
holder.  The  camera  is  also  adjustable  to  the  axis  of  the  light  by  lateral 
and  vertical  screws.  A  very  perfect  device  has  also  been  arranged  by 
us  for  centering  the  object  on  the  ground-glass.  This  consists  of  two 
pulleys,  one  of  which  is  placed  on  each  of  the  adjusting  screws  of  the 
microscope  stage.  On  the  camera  table,  immediately  beneath  these 
pulleys,  are  to  be  found  corresponding  ones  which  form  the  terminals 
of  two  long  rods  running  to  the  opposite  end  of  the  table.  One  of  the 
rods  is  hollow  and  encloses  the  smaller.  These  have  milled  heads  at 
their  distal  extremities,  and  can  be  moved  at  the  will  of  the  operator, 
either  separately  or  combined,  making  either  simple  or  compound  mo- 
tions of  objects  on  the  ground-glass.  By  this  means  the  centering  of 
an  object,  or  searching  the  field,  becomes  very  easy  and  accarate.  We 
have  also  devised  a  rod  and  pulley  for  focusing  the  object  on  the 
ground-glass  by  means  of  a  rapid  adjustment  screw.  For  work  in  low 
powers  it  has  proven  very  serviceable  and  a  great  time-saver. 

For  definite  work  all  possible  adjustments  of  the  instrument  should 
be  known  and  accurately  recorded  in  tables,  w^hich  should  be  placed 
in  view  of  the  operator.  In  order  that  these  tables  be  made  it  is 
necessary  to  have  the  instrument  marked  in  some  definite  manner. 
We  have  commenced  at  the  microscope  stage  and  marked  on  the  table 
of  the  camera,  at  intervals  of  inches  and  half  inches,  the  distance  from 
this  point  to  the  opposite  end  of  this  table.  Again,  on  the  optic  bench, 
and  on  the  rod  bearing  the  instruments  of  this  bench,  we  have  placed 
similar  marking?,  beginning  with  the  stage  and  going  in  opposite 
directions  from  former  markings.  By  means  of  a  stage  micrometer  a 
table  can  be  prepared  of  amplifications  which  will  show  the  linear 
diameter  of  any  object  with  any  objectives  and  all  eye-pieces  at  any 
distance  the  camera  may  be  from  the  stage  of  the  microscope.  On  the 
other  hand,  if  a  definite  amplification  be  desired  the  table  will  show 
how  the  instrument  should  be  set  up  to  produce  the  desired  result. 
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Again,  this  table  vill  show  several  different  adjuBtments  for  the 
desired  diameter,  and  a  choice  can  be  made  with  reference  to  the 
effect  wished  to  be  prodaced  in  depth  of  focus,  etc. 

As  the  optie  bench  must  bring  the  light  in  a  straight  line  into  the 
axis  of  tbe  abb^  and  camera,  and  aa  the  length  of  this  pencil  of  light 
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differs  with  the  different  objectives,  the  adjustment  of  all  these  im- 
portant factors  must  be  known  at  all  times. 

The  combinations  which  are  possible  with  the  parts  of  this  bench 
are  so  numerous  that  it  would  not  be  likely  that  by  chance  the  in- 
strument could  be  adjusted  on  two  occasions  alike  for  the  same  objec- 
tive.   It  is  necessary,  therefore,  for  good  work ,  to  ascertain  the  definite 
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location  of  every  important  part  of  this  bench  when  the  best  trial 
result  has  been  obtained.  This  can  only  be  done  by  tables  and 
markings  on  the  optic  bench  hs  before  mentioned. 

We  have  found  that  three  adjustments  for  this  bench  give  good 
results  in  focus  for  all  objectives.  We  have  indicated  these  on  oar 
table  as  first,  second,  and  third  positions. 

The  first  position  places  the  light  at  a  known  point.  The  condenser 
has  only  one  set  of  lenses  next  to  the  light.  The  double  convex  lens 
and  the  abb6  are  omitted,  and  the  70  mm.  and  the  35  mm.  objectives 
are  used. 

The  second  position  includes  the  whole  of  the  condenser,  with  differ- 
ent position  of  light,  and  is  used  for  middle  powers. 

The  third  position  places  the  light  much  further  away  from  the 
stage,  and  includes  the  condenser,  double  convex  lens,  and  abb6,  and 
gives  good  results  in  high-power  work. 

It  is  easy  to  set  up  these  positions  in  a  few  moments  when  the  kind 
of  work  is  determined  upon  from  such  tables. 

For  definite  work  it  finally  becomes  necessary  to  make  a  careful 
record  of  all  these  conditions  at  every  exposure,  together  with  memor- 
anda of  size  of  all  diaphragms,  number  of  ray  filters,  ground-glass, 
and  kind  of  plate  used,  time  of  exposure,  and  kind  of  developer.  This 
can  be  done  by  chart,  arranged  for  rapidly  filling  in  each  time. 

Finally,  a  room  must  have  been  prepared  with  a  solid  cement  floor, 
having  a  tiled  surface,  sliding  shutters  in  front  of  the  windows,  tight- 
fitting  doors,  and  otherwise  arranged  in  all  respects  for  the  best  work 
in  photography. 

The  light  must  be  so  arranged  that  it  will  pass  continuously  through 
the  optic  axis  of  all  lenses  from  its  source  to  the  center  of  the 
ground-glass.  This  axis  should  be  ascertained  by  small  apertures 
made  in  diaphragms  that  should  be  provided  for  all  important  lenses. 

As  the  light  is  a  source  of  much  variation  as  to  intensity  the  timing 
of  exposures  is  a  guess,  made  more  or  less  accurate  by  a  careful  study 
of  the  tables  and  lighted  ground-glass.  Even  then  a  trial  exposure 
will  be  made  necessary  on  new  positions  often,  with  the  same  kind  of 
plates.  Other  elements,  such  as  temperature,  kind  of  developer,  and 
degree  of  development,  make  this  rebus  still  more  complex,  so  that 
the  most  exacting  methods  will  meet  with  many  failures. 

The  class  of  the  object  as  to  color,  density,  size,  and  structure 


SOME  FEATURES  OF  PHOTOMICROGRAPHY.    311 

gives  many  opportunities  for  experiment  in  order  to  obtain  the  most 
contrast  on  the  groand-glass,  which  should  be  free  from  defraction 
and  other  objectionable  features. 

If  now  we  wish  to  expose  an  object,  say  the  snaiPs  tongue  in  the 
following  plates/ we  place  all  the  optic  bench  in  the  first  position, 
and  as  the  tongue  is  nine-sixteenths  of  an  inch  long,  the  70  mm.  lens 
must  be  used  to  admit  it  all  in  objective.  The  camera  is  placed  as 
close  as  possible  (say  twenty  inches)  from  the  object.  As  the  bellows 
is  now  extended  the  object  soon  reaches  the  full  width  of  the  ground- 
glass,  and  thus  limits  the  further  amplification  of  the  object.  It  is  now 
found  by  consulting  the  chart  that  this  extension  of  bellows  is  equal 
to  25  diameters.  From  about  9  to  25  diameters,  therefore,  is  the 
possible  limit  for  this  object.  As  the  source  of  light  is  small  the 
image  of  the  light  on  the  ground-glass  is  also  small,  and  the  illumina- 
tion is  very  uneven  over  the  plate.  In  order,  therefore,  to  have  an 
evenly  lighted  field  some  diffusion  of  light  must  be  had.  This  may  be 
accomplished  in  several  ways,  but  the  usual  method  followed  by  others 
is  to  insert  a  piece  of  ground-glass  in  the  axis  of  light.  A  better 
way  sometimes,  when  an  abundance  of  light  is  to  be  had,  is  to  cause 
the  light  to  be  thrown  out  of  the  optic  axis,  so  as  to  obtain  only  re- 
flected or  refracted  rays.  By  this  method  the  light  is  much  dimmed 
and  a  longer  exposure  is  made  necessary ;  but  that  is  of  little  conse- 
quence, as  the  time  is  not  unduly  long.  As  the  objective  has  a  large 
aperture  and  only  slightly  convex,  the  rays  of  light  fall  practically  in 
the  same  focus  over  the  whole  of  the  ground-glass,  and,  therefore,  no 
difficulty  is  experienced  either  in  focus  or  diflFraction.  As  the  light  is 
but  little  diffused,  any  well-stained  object  will  appear  in  good  contrast 
on  the  ground-glass,  so  that  a  ray-filter  for  color  conversion  is  gen- 
erally unnecessary.  The  diaphragms  must  be  almost  at  maximum 
size,  since  otherwise  the  object  will  be  encroached  upon. 

In  case  of  the  second  position  many  of  these  conditions  are  altered. 
For  example,  the  16  mm.  lens  will  be  used.  Our  tables  show  that 
this  lens,  together  with  the  eye-pieces  and  use  of  the  extension  bel- 
lows, has  amplification  power  of  from  100  to  675  diameters.  The  crys- 
talline lens  of  the  fetus  of  a  chick,*  in  the  appended  views,  will  serve  as 

^  On  account  of  expense  of  reproduction  only  ten  photomicrographs  are  tthown  out  of  the 
thirtr-five  demonstrated  at  the  meeting  in  Washington,  which  accounts  for  omissions  referred 
to  in  the  text. 
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an  example  of  this  class.  The  light  remains  in  the  same  position  as 
in  the  first  example,  but  the  whole  of  the  large  condenser  is  in  place, 
while  the  abb^  and  double  convex  lens  are  still  omitted.  The  pro- 
jection eye-piece  is  used  and  the  camera  is  drawn  back  to  twenty-fire 
inches  from  the  object.  At  this  point  the  object  is  enlarged  suffi- 
ciently for  all  purposes,  and  the  field  is  evenly  lighted  if  the  light  be 
properly  adjusted.  If  the  light  be  uniform  over  the  plate,  but  slightly 
too  high  or  too  low  or  too  far  to  either  side,  a  line  of  diffraction  will 
be  seen  on  the  opposite  side  from  the  strained  position  of  the  light, 
and  the  light  must  be  readjusted.  Stopping  the  light  down  too  much 
by  the  bed  diaphragm  will  also  occasion  an  unequal  distribution  of 
light  about  the  object  in  the  way  of  diffraction  lines  on  all  sides.  On 
the  other  hand,  too  much  light  will  dim  the  view  of  the  object  to  such 
an  extent  that  it  may  be  entirely  lost.  The  proper  experience  with 
this  diaphragm,  therefore,  becomes  of  great  value,  and  must  be  noted 
when  once  obtained  for  definite  work.  Good  photomicrographs  can 
be  made  with  this  object  and  combination  named  without  the  use  of 
the  ground-glass  on  the  optic  bench.  For  the  best  work  without 
such  ground-glass  the  light  should  be  centered  perfectly,  and  its 
amount  should  be  controlled  by  the  asbestos  diaphragms  placed  in  the 
end  of  the  large  condenser  next  to  the  source  of  light.  If  the  light 
be  unequal  over  the  surface  of  the  ground-glass  in  the  camera,  the 
abbe  may  be  placed  in  position,  and  then  be  drawn  backward  from 
the  object  until  the  light  becomes  even.  This  plan  admits  more  light 
than  the  ground-glass,  and  succeeds  equally  well. 

In  the  third  position  the  light  is  placed  eight  and  one-fourth  inches 
nearer  the  object  than  in  former  positions.  The  condenser  is  also 
moved  forward,  and  the  double  convex  lens  and  abb6  are  added  to  the 
optic  bench.  The  asbestos  diaphragms  are  removed  in  front  of  the 
light,  while  the  field  and  abb^  diaphragms  are  opened  to  their  full  extent 
if  the  ground-glass  is  to  be  inserted  in  the  axis  of  the  light.  If  the 
ground-glass  is  to  be  omitted  the  field  diaphragm  must  be  small,  and 
even  then  for  objects  with  great  contrast  and  sharp  outlines  difi'rac- 
tion  will  appear  in  the  negative.  The  two  diphtheria  slides  in  ap- 
pended views  will  serve  as  examples  of  this  class  of  high-power  work. 
The  smallest  view  has  an  amplification  of  2000  diameters,  while 
the  second  has  been  magnified  3000  diameters  and  the  third  4000 
diameters.    It  will  be  seen  that  the  first  has  the  most  definition,  while 
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the  greater  ones  have  differentiation  at  the  expense  of  sharpness.  It 
must  be  determined^  therefore,  which  feature  is  to  be  shown  in  mak- 
ing choice  of  these  powers.  It  is  with  this  high-power  work  that  a 
limitation  is  placed  on  the  field  yielding  a  distinct  image  and  uniform 
focus,  even  with  very  thin  objects  in  one  plane.  The  best  lens  is  so 
far  unable  to  maintain  a  perfectly  flat  field,  under  the  most  favorable 
conditions,  of  more  than  three  or  four  inches  in  diameter  with  the 
highest  power  work.  The  depth  of  focus  is  shallow,  but  most  remark- 
able with  the  latest  Zeiss  lenses,  as  may  be  seen  in  many  of  the 
following  views  in  this  class  of  work. 

In  conclusion^  I  wish  to  say  that  it  is  my  belief  that  the  time  has 
come  when  photomicrography  is  to  take  the  place  of  much  of  the 
work  now  done  from  the  camera  lucida  and  extemporized  microscopic 
fields,  and  that  we  shall  learn  more  from  the  faults  in  such  views 
than  from  preconceived  notions  injected  into  them  through  idealized 
work. 
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Pathologic  Report. 

In  many  reported  cases  of  hemorrhagic  and  of  gangrenous  pancre- 
atitis symptoms  of  cholelithiasis  have  been  associated  with  the  fatal  ill- 
ness, and  at  autopsy  calculi  have  been  found  in  the  gall-bladder  or  in 
the  bile  passages.  In  a  recent  article^  I  collected  from  the  literature 
thirty-one  cases  of  this  character  and  described  an  additional  instance. 
In  eight  of  these  cases,  including  the  one  which  I  reported,  a  gall- 
stone was  found  at  autopsy  lodged  near  the  orifice  of  the  common 
bile-duct,  or  there  was  evidence  that  one  had  shortly  before  death 
occupied  this  position.  Since  the  common  bile-duct  and  the  duct  of 
Wirsung  unite  in  the  diverticulum  of  Vater  before  they  enter  the 
intestine,  a  calculus  so  located  might  occlude  both  ducts.  Though  in 
the  greater  number  of  these  collected  cases  calculi  were  found  at  au- 
topsy, none  was  situated  near  the  junction  of  the  two  ducts.  Never- 
theless, since,  as  was  pointed  out,  death  with  intensely  hemorrhagic 
inflammation  of  the  gland  has  in  several  instances  followed  within  forty- 
eight  hours  the  onset  of  symptoms,  and  a  calculus  has  been  found  near 
the  duodenal  orifice  of  the  common  duct,  it  is  readily  conceivable  thar 
a  stone  temporarily  lodged  in  the  position  indicated  might  produce 
grave  alteration  of  the  gland  before  its  final  expulsion  into  the  duo- 
denum. In  seven  of  the  thirty-one  cases  death  followed  the  onset  of 
symptoms,  intense  abdominal  pain,  vomiting,  and  profound  collapse 

1  Opie.    American  Journal  of  the  Medical  Sciences,  1901,  vol.  cxxl.  p.  27. 
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within  forty-eight  hours,  and  at  autopsy  the  pancreas  was  the  seat  of 
hemorrhagic  infiltration.  In  seventeen  instances  in  which  the  fatal 
illness  was  of  longer  duration^  seven  days  to  four  months,  the  pancreas 
was  gangrenous,  and  there  was  often  evidence  of  previous  hemorrhage* 
There  can  be  little  doubt  that  gangrenous  pancreatitis  is  a  late  stage 
of  the  hemorrhagic  lesion. 

That  acute  pancreatic  disease  is  frequently  associated  with  chole- 
lithiasis has  been  confirmed  by  cases  reported  since  the  preparation 
of  the  article  referred  to.  The  two  conditions  were  present  in  three 
cases  recently  described  by  Lund,^  in  two  by  Bryant,*  and  in  one  by 
Stockton  and  Williams,*  by  Struppler*  and  by  Hahn.*  The  relative 
frequency  with  which  acute  pancreatitis  is  accompanied  by  chole- 
lithiasis is  difficult  to  estimate.  In  some  cases  the  lesion  has  been 
diagnosed  on  the  operating-table,  and,  no  autopsy  being  obtained,  the 
condition  of  the  bile  passages  has  not  been  determined.  In  a  very 
large  proportion  of  the  cases  the  autopsy  report  is  so  meagre  that  the 
presence  or  absence  of  gallstones  is  not  evident.  Lund  records  the 
relatively  large  number  of  six  cases  of  acute  pancreatitis,  one  suppura- 
tive, five  hemorrhagic  or  hemorrhagic  and  gangrenous.  Two  of  the 
five  cases  he  describes  as  hemorrhagic  peripancreatitis.  In  three  of 
these  five  cases  the  gall-bladder  or  the  bile  passages  contained  small 
calculi  in  large  numbers,  while  in  the  remaining  two  no  autopsy  was 
obtained.  In  the  two  cases  reported  by  Bryant  hemorrhagic  pancrea- 
titis was  associated  with  gallstones.  In  only  one  of  the  five  cases  of 
Hahn  were  gallstones  present,  but  in  one  of  his  cases  hemorrhagic 
infiltration  of  the  gland  followed  a  pistol-shot  wound,  and  in  another 
recovery  followed  operation.  Gallstones  were,  therefore,  present  in 
six  of  eight  cases  described  with  autopsy  by  the  three  writers  who 
have  recently  reported  more  than  one  instance  of  the  disease. 

In  view  of  the  fact  that  in  several  instances  a  calculus  has  been 
found  at  autopsy  so  lodged  as  to  occlude  the  pancreatic  duct,  there 
can  be  no  doubt  that  the  frequent  association  of  the  two  conditions  is 
the  result  of  an  etiologic  relationship.  The  common  bile-duct  and 
the  larger  pancreatic  duct  lie  side  by  side  as  they  penetrate  the  wall 

1  Lund.    Boston  Medical  and  Surgical  Journal,  1900,  vol.  cxliii.  p.  543. 

>  Bryant.    Lancet,  1900,  vol.  11.  p.  1341. 

*  Stockton  and  Williams.    Philadelphia  Medical  Journal,  1900.  vol.  vi.  p.  649. 

«  Stnippler.    Deutsch  Arch.  f.  klin.  Med.,  1900,  vol.  Ixix.  p.  206. 

»  Hahn.     DeutBch  Zeitsch.  f.  Chir.,  1900,  vol.  Ivlil.  p.  1. 
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of  the  duodenum,  and  are  often  separated  near  their  junction  only  by 
a  thin  membranous  septum.  Before  entering  the  duodenum  at  the 
summit  of  the  bile  papilla  they  unite  to  form  a  short  channel — the 
diverticulum  of  Vater.  From  a  study  of  the  case  previously  re^wrted 
it  seemed  not  improbable  that  a  calculus  lodged  in  the  common  bile- 
duct  near  the  termination  might  cause  partial  occlusion  of  the  pan- 
creatic duct  and  subsequent  changes  in  the  pancreas  as  the  result, 
possibly,  of  bacterial  invasion.  This  case,  as  well  as  those  recorded 
in  the  literature,  afforded,  however,  no  explanation  of  the  pathogenesi! 
of  the  hemorrhagic  inflammation.  At  the  autopsy  recently  performed 
upon  a  case  whose  clinical  history  has  been  described  by  Br.  Halsted' 
I  was  able  to  demonstrate  the  mechanism  by  which  this  lesion  wis 
produced. 

Autopsy.  The  body,  which  is  still  warm,  is  that  of  a  large  man 
with  very  abundant  subcutaneous  fat.  The  skin  has  a  bluish,  cya- 
notic appearance.  Passing  downward  from  the  right  costal  margin 
to  a  point  10  cm.  from  the  symphysis  pubis  is  a  longitudinal  incision, 
closed  in  great  part  by  subcutaneous  silver-wire  sutures.  Crossing 
the  epigastric  region  and  meeting  the  first  at  right  angles  is  a  second 
incision.  At  their  angle  of  junction  the  wound  is  unclosed  for  a  short 
distance,  and  gauze  packed  about  by  rubber  protective  passes  into  the 
abdominal  cavity. 

The  peritoneal  cavity  contains  a  moderate  excess  of  bloodstained 
serous  fluid.     The  general  peritoneal  surface  is  smooth.    Fat  is  pres- 
ent in  very  great  amount  in  the  omentum,  in  front  of  the  peritoneum 
of  the  anterior  abdominal  wall  below  the  umbilicus,  in  the  mesentery, 
in  the  retroperitoneal  tissue,  and  as  appendices  epiploicte  upon  thfi 
surface  of  the  large  intestine.     Studding  the  fat  in  the  various  situa- 
tions named,  and  conspicuous  upon  its  translucent  surface,  are  small, 
usually  round  opaque  white  areas  2  or  3  mm,  in  diameter,  often  sur- 
rounded by  a  narrow  zone  of  injection.     They  are  superBctalty  situ- 
ated and  extend  usually  less  than  1  mm.  below  the  surface.     They 
in  the  omentum  and  in  the  retroperitoneal  ht 
icreas.     The   gauze  drain  previously  mentioned 
itomach  and  the  transverse  colon  and  lies  in  con- 
eritoneal  fat  immediately  below  the  head  of  the 
tissue  has  a  red  dish -black  discoloration. 

lohna  Hopkfii)  Bullelln,  1901,  vol.  ili.  p.  179, 
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The  pancreas  is  represented  by  a  blackish,  swollen  mass  extending 
from  the  descending  part  of  the  duodenum  to  the  spleen.  The  fat  in 
contact  with  its  splenic  end  has  a  similar  blackish  color  and  is  soft 
and  friable.  The  pancreas  is  greatly  increased  in  size,  is  irregularly 
cyiindric  in  shape,  and  measures  5.2  cm.  anteroposteriorly,  5.5  cm. 
from  above  down,  and  16  cm.  in  length.  The  anterior  surface  is 
smooth  and  has  an  almost  uniform  black  color  in  places  with  a  reddish 
tint.  On  section,  the  gland  substance  is  found  to  be  in  great  part 
transformed  into  black  and  reddish-black  material.  The  head  of  the 
organ  for  a  distance  of  2.5  cm.  from  the  duodenum  is  firm,  grayish- 
yellow,  with  well-marked  lobulation,  and  has  the  appearance  of  fresh 
normal  pancreas.  The  tissue  which  is  in  immediate  contact  with  this 
well-preserved  gland  substance  is  soft  and  black  in  color,  mottled 
here  and  there  with  small  areas  of  dull  red ;  gland  lobulation  is  still 
very  obscurely  marked.  The  distal  half  of  the  organ  shows  a  similar 
mottling  of  black  and  reddish  areas,  with  in  places  small  islands  of 
yellowish,  relatively  preserved  tissue.  The  largest  of  these,  which  is 
of  reddish-yellow  color  gradually  passing  into  the  surrounding  red- 
dish-black, is  1.5  cm.  in  diameter  and  is  situated  near  the  middle  of  the 
body.  At  the  splenic  extremity  is  a  slightly  smaller  mass  of  intact 
gland  substance.  On  opening  the  splenic  vein  where  it  lies  in  con- 
tact with  the  pancreas  the  intima  is  found  to  have  a  mottled  yellow, 
black,  and  red  appearance,  due  to  changes  in  the  underlying  tissue. 
Occupying  a  portion  of  the  lumen  is  a  mixed  red  and  yellow  throm- 
bus mass,  firm  in  consistence  and  adherent  to  the  intima. 

The  duodenum  was  opened  and  the  common  orifice  of  the  bile  and 
pancreatic  ducts  examined.  The  papilla  is  prominent,  but  its  orifice  is 
of  small  size,  measuring  about  1  mm.  in  diameter.  The  common  bile- 
duct,  which  near  its  termination  is  completely  embedded  in  the  substance 
of  the  pancreas,  is  slightly  distended.  By  very  firm  pressure  on  the 
gall-bladder  several  drops  of  bile  can  be  squeezed,  with  difficulty,  into 
the  duodenum.  The  gall-bladder  when  opened  is  found  to  contain  a 
moderate  amount  of  viscid,  blackish  bile ;  no  concretions  are  present. 
The  termination  of  the  pancreatic  duct,  which  is  surrounded  by  the 
well-preserved  pancreatic  substances  in  contact  with  the  duodenum, 
was  exposed  by  dissection  and  found  to  unite  with  the  common  bile- 
dact  10  mm.  from  the  summit  of  the  bile  papilla.  A  probe  passed 
down  the  common  duct  was  stopped  4  mm.  from  the  latter  point,  and 
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it  was  not  possible  to  touch  it  with  a  second  probe  passed  into  the 
narrow  orifice.  Careful  examination  disclosed  a  small  grayish-white, 
very  firm  concretion  8  mm.  in  diameter,  snugly  filling  the  diverticu- 
lum of  Vater,  from  which  it  could  not  escape  through  the  narrow 
duodenal  orifice.  The  pancreatic  duct  where  it  passes  through  the 
intact  tissue  of  the  head  is,  like  the  common  duct,  stained  bright  green 
with  bile. 

The  heart  and  lungs  are  apparently  normal.  The  liver  weighs 
1350  grams.  The  surface  is  smooth  and  of  yellowish  color ;  upon  the 
upper  surface  of  the  right  lobe  are  conspicuous  slightly  depressed  dull 
red  areas  which  are  irregular  in  shape,  the  larger  about  2.5  cm. 
across.  The  cut  surface  of  the  organ  has  a  bright  yellow  color,  the 
periphery  of  the  lobulus  being  golden-yellow,  the  central  part  red- 
dish. Corresponding  to  the  superficial  red  areas,  the  liver  substance 
has  a  similar  dull  red  appearance,  the  periphery  of  the  lobulus  being 
marked  by  narrow  yellow  zones.  Such  altered  tissue  has  at  times 
an  irregular  wedge-shaped  outline,  and  within  it  are  found  portal 
veins  distended  and  plugged  with  red  thrombus  material.  Following 
the  vein  in  one  of  these  areas  toward  the  portal  trunk  the  thrombus 
stops  abruptly,  and  near  its  end  is  of  yellowish- white  color,  represent- 
ing, probably,  embolic  material  from  the  thrombosed  splenic  vein. 
The  spleen  is  not  enlarged  and  weighs  140  grams.  The  organ  is 
flaccid,  but  fairly  firm  in  consistence. 

The  stomach  contains  a  small  amount  of  blackish,  semi-fluid  material. 
The  duodenum  and  remainder  of  the  small  intestine  contains  similar 
material.  The  kidneys,  weighing  together  290  grams,  appear  to  be 
normal,  except  for  the  presence  of  opaque  yellow  striations  near  the 
apices  of  the  pyramids.  The  adrenals,  the  bladder,  the  seminal  vesi- 
cles, and  the  prostate  are  normal.  Upon  the  intima  of  the  aorta  are 
a  few  slightly  raised  opaque  yellow  patches  of  small  size.  The  urine 
contained  in  the  bladder  does  not  reduce  Fehling's  solution. 

Microscopic  Examination  of  the  Pancreas.  A  section  passing 
through  the  line  of  demarcation  between  the  intact  parenchyma  in 
the  head  of  the  gland  and  the  adjacent  necrotic  tissue  shows  a 
very  abrupt  transition  from  one  to  the  other.  On  the  one  side  the 
pancreatic  tissue  is  well  preserved,  the  secreting  cells  are  normal  in 
appearance  and  their  basal  zone  stains  deeply  with  hematoxylin, 
while  the  islands  of  Langerhans  are  fairly  abundant  and  appear  to  be 
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normal.  The  loose  interlobular  areolar  tissue  is  everywhere  infil- 
trated with  red  blood-corpuscles ;  polynuclear  leukocytes  are  present 
in  large  number  and  often  form  collections  of  considerable  extent. 
Eosinophilic  leukocytes  are  numerous  and  fibrin  is  abundant.  Be- 
tween the  acini  are  a  few  polynuclear  leukocytes;  Within  the  margin 
of  the  intact  tissue  are  several  small  areas  where  the  parenchyma  is 
undergoing  necrosis.  The  secreting  cells  no  longer  stain  with  hema- 
toxylin, but  assume  a  homogeneous  clear  pink  color  with  eosin  ;  the 
nuclei  which  are  still  preserved  are  much  smaller  than  those  of  the 
normal  cells  and,  unlike  the  latter,  are  irregular  and  distorted  and 
stain  homogeneously.  Small  hemorrhages  have  taken  place  into  the 
interacinar  tissue  of  such  an  area,  and  polynuclear  leukocytes  are 
present  in  moderate  number.  J^fear  by,  in  similarly  localized  areas, 
the  process  is  more  advanced,  and  the  parenchymatous  cells  are  re- 
placed by  formless  material  which,  staining  faintly,  is  mingled  with 
a  few  nuclear  fragments  and  is  densely  infiltrated  with  polynuclear 
leukocytes  and  red  blood-corpuscles. 

The  transition  from  relatively  normal  parenchyma  containing  a  few 
islands  of  necrosis  to  wholly  necrotic  tissue  is  very  abrupt  and  is 
marked  by  a  zone  composed  of  nuclear  fragments,  polynuclear  leuko- 
cytes, red  blood-corpuscles,  and  fibrin.  That  part  of  the  section 
which  corresponds  to  the  black  and  reddish-black  material  seen  ma- 
croscopically  is  necrotic,  nuclei  are  no  longer  present,  and  though  the 
architecture  of  the  gland  is  obscurely  definable,  both  parenchyma 
and  connective  tissue  stain  only  with  eosin.  At  intervals  in  areas  of 
varying  extent  the  tissue  has  a  dark-brown  discoloration  due  to  the 
presence  of  brown  pigmented  material  which  appears  to  be  changed 
blood. 

Sections  from  the  body  and  tail  of  the  organ  present  the  appear- 
ance described  above.  In  the  intact  tissue  of  the  tail  well-preserved 
islands  of  Langerhans  are  particularly  numerous.  In  a  section  from 
the  body  nuclei  still  persist  immediately  about  an  artery,  though  the 
surrounding  tissue  is  universally  necrotic.  Its  endothelial  cells  are 
swollen  and  in  places  are  almost  cubical.  In  the  media  and  adven- 
titia,  of  which  the  vasa  vasorum  are  preserved,  polynuclear  leukocytes 
are  very  numerous. 

In  sections  stained  by  Weigert's  method  for  the  demonstration  of 
fibrin  was  noted  a  histologic  detail  inconspicuous  by  other  methods. 


320  OPIE, 

Capillary  vessels  in  the  living  tissue  near  the  margin  of  necrosis,  as 
well  as  in  the  immediately  adjacent  necrotic  part,  have  undergone 
hyaline  thrombosis,  and  form  conspicuous  deep  blue  and  often  branched 
lines,  as  though  injected.  Examination  with  high  magnification  de- 
monstrates at  times  a  close  meshwork  of  fibrils  in  these  vessels.  In 
sections  stained  with  hematoxylin  and  eosin  their  contents  take  a 
homogeneous  bright  pinkish-red  stain,  and  red  blood-corpuscles  are 
no  longer  seen,  as  in  adjacent  capillaries. 

In  sections  stained  for  bacteria  with  methylene-blue,  gentian-violet, 
and  by  Weigert's  method  none  was  discovered. 

Bateriologic  Examination,  Plate  cultures  in  agar- agar  were  made 
at  autopsy  from  the  heart's  blood,  peritoneal  cavity,  pancreas  (aerobic 
and  anaerobic  on  hydrocele  agar-agar),  gall-bladder,  liver,  spleen,  and 
kidney.  They  were  studied  by  Mr.  V.  H.  Bassett,  to  whom  I  am 
indebted  for  the  following  report :  Cultures  from  the  heart's  blood, 
spleen,  and  gall-bladder  gave  negative  result.  The  anaerobic  culture 
from  the  pancreas  showed  no  growth  after  an  incubation  of  seventy- 
two  hours.  The  aerobic  agar-agar  plate  from  the  pancreas  contained 
at  the  end  of  twenty-four  hours  a  single  superficial  colony  of  a  pig- 
ment-forming coccus  whose  cultural  characters  indicated  that  it  was 
a  contamination  from  the  air.  The  streptococcus  pyogenes  and  the 
staphylococcus  epidermidis  albus  were  isolated  from  the  peritoneal 
cavity.  The  colon  bacillus  was  present  in  cultures  from  the  liver  and 
kidney. 

Anatomic  Diagnosis.  Cholelithiasis ;  calculus  impacted  in  the  di- 
verticulum of  Vater,  partially  filling  it  and  occluding  its  duodenal 
orifice.  Acute  hemorrhagic  pancreatitis ;  disseminated  abdominal  &t 
necrosis.  Partial  thrombosis  of  the  splenic  vein ;  embolism  and 
thrombosis  of  branches  of  the  portal  vein. 

The  preceding  autopsy  has  disclosed  a  condition  which  explains,  I 
believe,  the  pathogenesis  of  those  cases  of  acute  hemorrhagic  and  gan- 
grenous pancreatitis  which  are  associated  with  gallstones.  The  diver- 
ticulum of  Vater  was  10  mm.  in  length.  Lodged  at  its  apex,  block- 
ing its  duodenal  orifice,  was  a  small  calculus  only  3  mm.  in  diameter, 
but  too  small  to  pass  the  narrow  opening.  Though  it  occluded  the 
duodenal  orifice  of  the  diverticulum  it  was  so  small  that  the  orifices 
of  the  common  bile-duct  and  pancreatic  duct  were  unobstructed.    The 
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two  ducts  were,  therefore,  converted  into  a  continuous  closed  channel 
from  which  it  was  not  possible  for  either  bile  or  pancreatic  juice  to 
escape. 

On  dissecting  the  pancreatic  duct  where  it  passed  through  the  un- 
changed parenchyma  in  contact  with  the  duodenum  it  was  found,  like 
the  bile-duct,  to  be  stained  bright  green  with  bile.  Where,  as  in  this 
case,  the  two  ducts  become  a  closed  channel,  the  entrance  of  bile  into 
the  pancreas  or  of  pancreatic  juice  into  the  bile  passages  would  depend 
upon  the  relative  pressure  in  the  two  ducts.  The  pressure  at  which 
bile  and  pancreatic  juice  are  secreted  being  small,  any  slight  differ- 
ence that  might  exist  would  be  overcome  by  the  gall-bladder,  a  mus- 
cular organ  which  at  intervals  forces  bile  in  considerable  quantity 
along  the  common  duct. 

A  small  calculus  only  partially  filling  the  ampulla  of  Vater  can 
convert  the  two  ducts  into  a  continuous  channel,  while  a  larger 
stone  might  simultaneously  obstruct  the  duodenal  orifice  of  the  diver- 
ticulum and  the  orifices  of  the  two  ducts  which  enter  it,  thus  damming 
back  bile  and  pancreatic  juice  upon  their  respective  glands.  In  the 
present  case,  as  previously  mentioned,  the  diverticulum  measured 
10  mm.  in  length,  the  calculus  3  mm.  in  diameter.  In  many  cases  of 
hemorrhagic  and  gangrenous  pancreatitis  gallstones  found  in  the  gall- 
bladder and  bile  passages  at  autopsy  have  been  small  and  are  often 
described  as  pea-sized.  This  statement  is  made  in  the  reports  of 
Day,^  Cutler,^  Kennan,^  Simpson,*  Chiari*  (two  cases).  Smith,'  Ehrich,^ 
Frankel,8  Korte,*  Morian,^^  Rolleston,"  Grawitz,*^  Opie,^^  Bryant,^* 
and  Lund**  (three  cases). 

Anatomic  peculiarities  of  the  diverticulum  of  Vater  might  favor  or 
prevent  the  conversion  of  the  two  ducts  into  a  closed  channel.     The 


^  Day.    Boston  Medical  and  Surgical  Journal,  1892,  vol.  cxxvii.  p.  569. 
'  Culler.    Ibid.,  1895,  yol.  cxxxil.  p.  354. 

*  Kennan.    British  Medical  Journal,  1896,  vol.  11.  p.  1142. 

*  Simpson.    Edinburgh  Medical  Journal,  1897,  vol.  il.  p.  245. 

*  Cbiari.    Wiener  med.  Wochensch.,  1876,  vol.  xxvl.  p.  291 ;  ibid.,  1880,  vol.  xxx.  pp.  139, 164. 

*  Smith.    British  Medical  Journal,  1897,  vol.  11.  p.  468. 

*  Ehrich.    BeitrMge  z.  kiln.  Cbir.,  1898,  vol.  xx.  p.  316. 

*  Frjinkel.    MUnch.  med.  Wochensch.,  1896,  vol.  xliii.  pp.  813,  844. 

*  Korte.    Arch.  f.  klin.  Chlr.,  1894,  vol.  xlviil.  p.  721. 

^^  Morian.    Munch,  med.  Wochensch.,  1899.  vol.  Ixvi.  p.  348. 
"  RoUeston.    Transactions  of  Pathological  Society  of  London,  1893,  vol.  xliv.  p.  71. 
"  Grawltz.    MUnch.  med.  Wochensch.,  1899,  vol.  xlvii.  p.  813. 

«  Loc.  clt.  "  Loc.  clt.  16  Loc.  cit. 
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description  of  the  ampulla  given  by  Sappey/  Testut,*  Henle,'  and 
Quain^  does  not  differ  materially.  It  may  be  described  as  a  somewhat 
conic  cavity  into  whose  base  open  the  two  ducts ;  the  apex  situated 
at  the  summit  of  the  diverticulum  of  Yater  is  their  common  duodenal 
orifice.  Its  length  varies  from  6  to  7  mm.  according  to  Testut,  from 
7  to  8  mm.  according  to  Sappey.  Occasionally  the  two  ducts  have 
no  common  channel^  but  open  by  separate  orifices  upon  the  summit  of 
the  bile  papilla.  Claude  Bernard*  described  a  variety  of  termination 
which  haa  since  been  observed  by  anatomists.  The  bile-duct  is  pro- 
longed as  far  as  the  mucosa  of  the  duodenum,  upon  which  it  opens  bj 
a  circular  orifice.  The  terminal  part  of  the  pancreatic  duct  embraces 
the  bile-duct  like  a  gutter,  and  its  orifice  has  the  outline  of  a  crescent. 
Where  the  ampulla  is  very  short  or  the  two  ducts  open  separately  into 
the  duodenum  it  is  evident  that  an  impacted  calculus  could  not  render 
continuous  the  lumina  of  the  two  ducts. 

I  have  recently  examined  the  diverticulum  of  Vater  in  a  small 
number  of  cases  available  for  study.  In  three  specimens  (Nos,  3, 11, 
and  13)  the  ducts  opened  into  the  intestine  by  separate  orifices.  The 
following  figures  represent  the  length  of  the  ampulla  in  these  cases: 
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No.  6  is  from  the  case  previously  reported,  No.  7  is  that  described 
in  the  present  article.  The  figures  are  cited  to  show  that  the  length 
of  the  so-called  diverticulum  varies  considerably. 

Another  anatomic  factor  of  considerable  importance  is  the  size  of 
the  duodenal  orifice  of  the  ampulla.  Hyrtl^  states  that  this  opening 
is  narrower  than  the  lumen  of  the  gall-duct  at  any  point,  or  is  at 
least  less  distensible,  so  that  gallstones  often  remain  here  impacted. 


1  Sappey.    Traite  d'anatomie  descriptive,  Paris,  1889. 

2  Testut.    Traito  d'anatomie  humaine,  Paris.  1894. 

3  Henle.    Handbuch  du  Systeraatischen  Anatomic  des  Menscben,  Braunschweig,  1S73. 
<  Quain.    Elements  of  Anatomy,  London,  1896.  6  Quoted  by  Sappey. 
«  Hyrtl.    Handbuch  der  topographischen  Anatomic,  VVieu,  1882. 
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In  the  autopsy  described  the  opening  measured  only  1  mm.  in  diameter. 
It  is  usually  2  to  2.5  mm.  in  diameter;  in  one  specimen  (No.  9)  it 
measured  4  mm.  across. 

Experimental  Study. 

Hemorrhagic  pancreatitis  has  been  produced  experimentally  by  the 
injection  of  a  variety  of  irritating  substances  into  the  pancreas,  but 
no  attempt  has  been  made  to  reproduce  the  lesion  by  the  use  of  bile. 

Thiroloix*  injected  several  drops  of  deliquescent  zinc  chlorid  into 
the  duct  of  Wirsung  in  a  dog,  Death  occurred  suddenly,  after  a  short 
interval^  and  the  pancreas  was  represented  by  what  appeared  to  be  a 
blackish  clot.  Hlava^  injected  artificial  gastric  juice  into  the  pan- 
creatic duct.  The  fluid,  containing  hydrochloric  acid  in  the  proportion 
of  1  to  1000,  caused  death  in  three  days ;  the  pancreas  was  hyperemic, 
and  in  the  fat  of  the  omentum  and  of  the  mesentery  were  numerous  foci 
of  necrosis.  Death  on  the  tenth  day  followed  the  injection  of  5  c.c.  of 
artificial  gastric  juice  with  hydrochloric  acid,  4  to  1000  ;  the  pancreas 
was  the  seat  of  hemorrhagic  infiltration,  and  the  omentum  and  mesen- 
tery contained  foci  of  fat  necrosis.  He  suggests  that  in  human  cases 
hyperacid  gastric  juice  may  be  forced  by  antiperistaltic  action  of  the 
intestine  into  the  pancreatic  duct,  thus  causing  the  condition.  Hlava 
has  produced  a  hemorrhagic  lesion  of  the  gland  by  injecting  cultures 
of  the  bacillus  coli  communis,  bacillus  lactis  aerogenes,  and  bacillus 
capsulatus  of  Friedlander,  but  thinks  that  the  change  is  the  result  of 
the  acid  products  of  these  organisms. 

Oser^  records  the  injection  of  4  c.c.  of  -^f^  normal  sulphuric  acid 
solution  into  the  pancreatic  duct  of  a  dog.  Death  followed  in  twenty 
hours.  In  the  duodenal  part  of  the  gland  was  a  hemorrhagic  area 
the  size  of  a  pea,  where  the  tissue  was  destroyed  and  the  structure  no 
longer  recognizable.  By  the  injection  of  the  ferment,  papain  (0.2 
grams  in  30  c.c.  of  water),  into  the  duct  of  a  dog,  Carnot^  caused  the 
death  of  the  animal  in  twenty-five  hours ;  the  pancreas  was  every- 
where infiltrated  with  blood,  but  there  was  no  necrosis  of  fat.    Smaller 

*  Thiioloix.    Quoted  by  Camot  (see  below). 

•  Hlava.    Quoted  by  Flexner  (see  below). 

» Oser.    Die  Erkrankungen  des  Pankreaa.     Nothnagel's  Spec.  Path.  u.  Ther.,  Wien,  1898, 
?oL  xTiii.  II.  p.  286. 
>  Carnot.    Paris  Thesis,  1898. 
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doses  did  not  produce  hemorrhagic  lesions.  The  same  writer  produced 
hemorrhagic  pancreatitis  by  the  injection  of  the  diphtheria  toxin  into 
the  pancreatic  duct  of  a  rabbit.  A  suspension  of  the  bacillus  coll 
communis  (12  c.c.)  caused  a  similar  lesion,  fatal  in  twenty-four  hours. 
Subsequent  injections  of  the  same  organism  caused  inflamTDatorv 
changes  without  hemorrhage. 

More  varied  and  successful  experiments  have  been  performed  by 
Dr.  Flexner^  in  this  laboratory.  In  ten  experiments  performed  upon 
dogs  hydrochloric  acid,  varying  in  strength  in  different  instances  from 
0.5  per  cent,  to  2  per  cent.,  and  in  amount  from  3  to  8  cc,  wm  in- 
jected into  the  pancreatic  duct  of  dogs.  In  six  instances  there  resulted 
hemorrhagic  inflammation  of  the  gland,  accompanied  in  five  by  focal 
fat  necrosis.  In  three  of  these  six  cases  death  followed  the  operation 
within  twenty-four  hours ;  in  two  the  animals  were  killed.  In  the 
remaining  experiments  purulent  or  chronic  interstitial  inflammation 
resulted.  Hemorrhagic  lesions  were  produced  in  two  dogs  by  the  use 
of  nitric  acid  (4  c.c.  of  a  2  per  cent,  solution  and  5  c.c.  of  a  1  per 
cent,  solution) ;  in  one  by  the  use  of  chromic  acid  (8  cc.  of  a  1  p€r 
cent,  solution).  In  a  second  series  of  experiments  sodium  hydroxid 
solution  (2.5  to  5  c.c.  of  solutions  varying  in  strength  from  1  per 
cent,  to  2  per  cent.)  was  employed.  Hemorrhagic  lesions  resulted  in 
three  cases,  and  were  accompanied  by  fat  necrosis  in  at  least  two. 
Suspensions  of  bacteria  were  uaed  in  a  third  series.  Hemorrhagic 
inflammation  was  caused  by  the  bacillus  pyocyaneus  and  in  the  three 
experiments  by  the  bacillus  diphtherise,  but  was  unaccompanied  by 
definite  fat  necrosis.  In  two  experiments  the  lesion  followed  the  in- 
jection of  5  c.c.  of  a  2  per.  cent,  solution  of  formalin  into  the  duct 
and  was  associated  with  fat  necrosis. 

The  experiments  cited  show  that  a  variety  of  substances  injected 
into  the  duct  of  the  pancreas  cause  hemorrhagic  inflammation.  How 
far  they  can  be  used  to  explain  the  pathogenesis  of  human  cases  is 
doubtful.  The  suggestion  of  Hlava  that  gastric  juice  may  be  driven 
by  antiperistaltic  action  of  the  intestine  into  the  ducts  is  not  sup- 
ported by  any  evidence.  The  relation  of  hemorrhagic  pancreatitis  to 
bacterial  invasion  from  the  intestine  has  not  been  demonstrated.  The 
condition  observed  in  the  autopsy  described  has  suggested  a  mechan- 

1  Flexner.    Contributions  to  llie  Science  of  Medicine.    Dedicated  to  Wm.  H.  Welch,  M.D., 
Baltimore,  1900,  p.  743. 
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ism  by  which  an  irritating  substance  can  make  its  way  into  the  organ. 
Can  the  hemorrhagic  inflammation  observed  in  human  cases  and  pro- 
duced in  animals  by  means  of  various  irritants  be  reproduced  by  the 
injection  of  bile  into  the  pancreatic  duct  ? 

In  the  following  experiments  the  duodenum  was  opened  for  a  dis- 
tance of  several  centimeters  opposite  the  larger  pancreatic  duct.  The 
blunt-pointed  nozzle  of  a  syringe  was  inserted  into  the  orifice  of  the 
duct,  and  bile  obtained  from  the  same  or  from  a  second  dog  was  in- 
jected into  the  organ.  The  operations  were  performed  with  the  usual 
antiseptic  precautions,  and  the  duodenal  wound  was  closed  by  sub- 
mucous  mattress  sutures.  I  desire  to  express  my  thanks  to  Mr. 
Bassett,  Mr.  Haskell,  and  Mr.  W.  Marshall  for  assistance  in  the  per- 
formance of  these  operations. 

Experiment  I.  Into  the  larger  pancreatic  duct  was  injected  5  c.c.  of  bile 
obtained  from  a  second  dog.  The  animal  was  killed  seven  days  later.  The 
peritoneal  cavity  contains  a  small  amount  of  bloody  fluid,  and  the  surface  is  in- 
jected. The  large  and  several  loops  of  the  small  intestine  are  firmly  adherent 
to  the  splenic  arm  of  the  pancreas,  and  on  separating  them  are  exposed  pockets 
containing  very  thick  viscid  fluid  of  dull  red  color.  The  walls  of  these 
pockets  have  in  places  the  opaque  white  appearance  of  necrotic  fat.  The 
splenic  part  of  the  gland  and  the  duodenal  part,  above  the  duodenal  orifice 
of  the  main  duct,  is  very  firm  in  consistence,  and  both  upon  the  surface  and 
on  section  shows  a  mottling  of  opaque  yellowish-white  areas  separated  by 
deep  hemorrhagic  red.  Over  a  considerable  area  at  the  junction  of  the  duo- 
denal and  splenic  parts  of  the  gland  the  tissue  is  almost  uniformly  grayish- 
yellow,  and  is  in  places  softened  and  disintegrated.  Cultures  and  cover-slips 
from  the  peritoneal  cavity  and  from  the  substance  of  the  pancreas  contained 
no  bacteria.  Microscopic  examination  of  the  splenic  and  duodenal  parts  of 
the  gland  show  that  wide  areas  of  parenchyma,  including  entire  groups  of 
lobules,  are  necrotic  and  the  secreting  cells,  which  have  a  homogeneous  hyaline 
appearance  and  are  stained  deeply  with  eosin,  contain  no  nuclei.  At  the 
margin  of  such  areas  red  blood- corpuscles  and  polynuclear  leukocytes  are 
present  in  great  number,  and  fibrin  is  abundant.  In  places  the  bodies  of  the 
secreting  cells  have  been  converted  into  formless  detritus  mingled  with  red 
blood-corpuscles  and  leukocytes.  The  interstitial  tissue  may  be  implicated 
in  the  general  necrosis,  but  often  it  has  undergone  very  active  proliferation 
and  has  in  small  part  replaced  the  disintegrated  acini.  Islands  of  paren- 
chyma still  persist  in  places  and  are  surrounded  by  newly-formed  fibrous 
tissue  containing  red  blood-corpuscles  and  polynuclear  leukocytes. 

Experiment  II.  Bile  (5  c.c.)  from  a  second  dog  was  injected  as  before. 
The  animal  was  killed  at  the  end  of  five  days.  Lightly  adherent  to  the  part 
of  the  pancreas  which  is  in  contact  with  the  duodenum  are  several  loops  of 
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small  intestine.  In  the  omental  fat  are  several  opaque  white  areas  of  fat 
necrosis,  while  near  the  splenic  extremity  are  several  inconspicuous  foci  of 
similar  nature.  In  the  duodenal  part  of  the  gland  in  the  neighborhood  of 
the  orifice  of  the  larger  duct  for  a  distance  of  3.5  cm.  there  is  extensive  hem- 
orrhagic infiltration  separating  islands  of  parenchyma.  In  places  the  gland 
substance  is  soft  and  of  gray  necrotic  appearance.  The  splenic  part  is  firm 
in  consistence,  and  at  several  points  are  areas  of  hemorrhagic  infiltratioo. 
Microscopic  examination  of  sections  from  the  hemorrhagic  duodenal  part 
show  wide  areas  of  necrosis  implicating  both  lobular  and  interstitial  tissue. 
The  parenchymatous  cells  are  hyaline  and  without  nuclei.  Copious  hemor- 
rhage has  taken  place  into  these  areas,  and  at  the  margin  of  intact  tiasae 
polynuclear  leukocytes  are  numerous.  Fibrin  is  abundant  in  the  necrotic  in- 
terlobular tissue.  Where  wide-spread  destruction  has  not  occurred  there  has 
been  active  proliferation  of  interstitial  tissue,  replacing  in  part  destroyed 
parenchyma  and  containing  numerous  red  blood-corpuscles  and  polynuclear 
leukocytes.  The  remaining  acini  are  often  separated  by  newly-formed  inter- 
stitial tissue,  and  there  is  the  appearance  of  advanced  chronic  inflammation. 
In  the  splenic  part  of  the  gland  foci  of  necrosis  with  hemorrhage  occur,  and 
in  smaVi  scattered  areas  there  is  newly-formed  connective  tissue. 

Experiment  III.  After  opening  the  duodenum  5  c.c.  of  bile  obtained 
from  a  second  dog  was  injected  into  the  pancreatic  duct.  Death  followed 
within  twenty  hours.  The  peritoneal  cavity  contains  several  cubic  centi- 
meters of  bloody  fluid,  and  the  peritoneal  surface  has  an  irregularly  distributed 
deep  red  injection.  The  entire  omentum  is  studded  with  conspicuous  opaqae 
white  areas  of  fat  necrosis,  usually  round,  1  to  1.5  mm.  in  diameter,  and  sur- 
rounded by  a  zone  of  injection.  They  are  most  abundant  in  the  neighbor- 
hood of  the  spleen,  where  superficially  and  on  section  they  occupy  about 
one-half  the  exposed  surface.  In  the  mesentery  of  the  duodenum  near  the 
pancreas  they  are  numerous,  but  in  the  remainder  of  the  mesentery  of  both 
large  and  small  intestine  they  are  sparsely  scattered.  Similar  foci  are  present 
in  the  retroperitoneal  fat  and  in  the  preperitoneal  fat  below  the  diaphragm. 
The  splenic  arm  and  the  upper  half  of  the  attached  duodenal  part  of  the 
pancreas  are  swollen  and  edematous  in  appearance,  and  the  lobulations  are 
separated  by  tissue  infiltrated  with  blood.  The  cut  surface  has  a  mottled 
dull  red  and  gray  color,  the  interstitial  tissue  being  hemorrhagic,  while 
minute  hemorrhages  are  in  places  seen  within  the  lobular  substance.  The 
left  lung  is  the  seat  of  a  mucopurulent  bronchitis.  A  culture  made  from 
the  peritoneal  cavity  remained  sterile.  A  short  bacillus  was  grown  from  the 
pancreas.  Microscopic  examination  shows  that  the  dull  red  areas  of  the  pan- 
creas represent  foci  of  necrosis  where  the  parenchymatous  cells  stain  only 
with  eosin  and  no  longer  contain  nuclei.  The  bloodvessels  here  are  widely 
dilated,  and  abundant  hemorrhage  has  frequently  taken  place.  Polynuclear 
leukocytes  are  present,  but  are  not  very  numerous.  Such  an  area  of  necrosis 
and  hemorrhage  is  at  times  limited  to  the  central  part  of  a  lobule  group, 
while  the  acini  furthest  from  the  central  duct  are  intact.    The  interstitial 
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tissue,  particularly  of  the  duodenal  part  of  the  gland,  has  an  edematous 
appearance  and  contains  red  blood-corpuscles,  polynuclear  leukocytes,  and 
fibrin. 

ExPEBiHENT  IV.  By  means  of  a  sharp-pointed  needle  3  c.c.  of  bile  was 
withdrawn  from  the  gall-bladder  and  injected  into  the  larger  pancreatic  duct. 
The  animal  was  killed  at  the  end  of  seven  days.  Upon  the  surface  of  the 
pancreas  where  it  is  in  contact  with  the  duodenum  are  a  few  sparsely  scat- 
tered opaque  white  areas  of  small  size.  In  the  omentum  near  the  gland  are 
a  few  similar  foci  of  necrosis.  The  pancreas  is  normal  in  consistence,  and  no 
change  is  noted  macroscopically.  Microscopic  examination  shows  the  inter- 
stitial tissue  of  the  splenic  and  duodenal  parts  of  the  gland  moderately  infil- 
trated in  places  with  blood-corpuscles,  while  here  and  there  it  is  distended 
and  has  an  edematous  appearance.  The  parenchyma  is  normal  in  the  sec- 
tions examined. 

Experiment  V.  The  operation  previously  described  was  repeated,  and 
2.5  c.c.  of  bile  was  withdrawn  from  the  gall-bladder  and,  after  opening  the 
duodenum,  injected  into  the  larger  pancreatic  duct.  The  dog  was  killed  at 
the  end  of  four  days.  The  pancreas,  which  is  not  adherent  to  the  adjacent 
structures,  is  firm  in  consistence  and  has  throughout  a  reddish-gray  color, 
bat  is  nowhere  hemorrhagic.  On  the  surface  of  the  duodenal  part  in  contact 
with  the  duodenum  are  sparsely  scattered  opaque  white  areas  of  fat  necrosis. 
Microscopic  examination  of  a  section  from  the  duodenal  part  of  the  gland 
shows  that  newly-formed  cellular  connective  tissue  has  in  a  small  area  re- 
placed the  glandular  elements.  Proliferation  of  cells  has  occurred  in  the 
adjacent  interlobular  tissue,  which  contains  in  abundance  red  blood  corpus- 
cles, polynuclear  leukocytes,  and  fibrin. 

Should  bile  enter  the  pancreas  after  occlusion  of  the  distal  end  of 
the  diverticulum  of  Vater,  its  only  opportunity  for  escape  would  be 
by  way  of  the  lesser  pancreatic  duct.  In  order  to  reproduce  this  con- 
dition, in  the  following  experiments  the  duodenum  was  not  opened, 
but  the  duct  was  exposed  where  it  approaches  the  intestine,  ligated 
close  to  the  duodenum  and  partially  cut  across.  By  means  of  a 
syringe  with  a  blunt  nozzle  bile  was  injected  into  the  distal  end  of 
the  duct,  which  was  then  ligated. 

Experiment  VI.  Into  the  larger  duct  was  injected  5  c.c.  of  bile  obtained 
by  puncture  from  the  dog's  gall-bladder.  The  animal  died  twenty-four  hours 
later.  The  peritoneal  cavity  contains  an  excess  of  fluid.  Opaque  white 
areas  of  fat  necrosis  are  numerous  upon  the  surface  of  the  duodenal  part  of 
the  pancreas  and  in  the  immediately  adjacent  fat  of  the  duodenal  mesentery. 
Similar  foci  are  present  in  both  layers  of  the  mesentery  near  the  stomach  and 
pancreas  and  in  the  fat  in  contact  with  the  splenic  part  of  the  gland.  The 
interstitial  tissue  of  the  duodenal  part  over  an  area  near  the  orifice  of  the 
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larger  duct,  2.5  cm.  in  width,  shows  deep  red  hemorrhagic  infiltratioD.  The 
parenchyma  throughout  the  gland  is  mottled,  small  dull  red  areas  alternating 
with  more  normal  gray-yellow  gland  substance.  The  hemorrhagic  appear- 
ance of  the  parenchyma  is  most  marked  in  the  duodenal  part  of  the  gland 
where  there  are  homogeneous  dull  red  areas  of  considerable  extent.  Both 
lungs  contain  extensive  deep  red  areas  which  are  fairly  firm  in  consistence 
and  exude  very  abundant  frothy  serum.  Microscopic  examination  of  all  parts 
of  the  pancreas  shows  the  presence  of  numerous  foci  of  necrosis.  The  gland- 
cells  have  assumed  a  hyaline  appearance  and  have  lost  their  nuclei.  The  blood- 
vessels in  these  areas  are  widely  distended,  and  at  times  there  is  abundant 
extravasation  of  red  blood-corpuscles.  Polynuclear  leukocytes  in  moderate 
number  are  seen  between  the  necrotic  cells.  The  interlobular  tissue  is  in 
many  places  much  distended,  containing  red  blood-corpuscles,  polynuclear 
leukocytes,  and  fibrin. 

Experiment  VII.  The  operation  already  described  was  repeated,  and 
3.7  C.C.  of  bile  obtained  from  the  gall-bladder  of  the  same  dog  was  injected 
into  the  larger  duct.  The  animal  was  killed  three  days  later.  Upon  the 
surface  of  that  part  of  the  pancreas  which  is  in  contact  with  the  duodenam 
and  in  the  fat  immediately  adjacent  to  the  splenic  part  are  a  few  opaque 
areas  of  necrosis.  The  pancreas  is  very  firm  throughout.  On  section  the 
glandular  lobules  are  found  to  be  separated  by  septa  of  interstitial  tiasae 
which  are  firmer  and  thicker  than  usual,  and,  near  the  transition  of  the  larger 
duct,  infiltrated  with  blood.  In  the  duodenal  and  splenic  parts  of  the  gland 
microscopic  examination  demonstrates  within  the  lobular  tissue  numer- 
ous small  areas  where  newly-formed  cellular  interstitial  tissue  replaces 
groups  of  acini.  The  interlobular  tissue  is  infiltrated  with  red  blood-cor- 
puscles, and  often  contains  in  great  abundance  polynuclear  leukocytes  and 
fibrin. 


Synopsis  of  Experiments. 
I.  Diwdenuvi  opened  and  duct  injected. 


Amount 


Mode  of  death. 


Pancreas. 


of  bile. 

No.  1,       5  c.c.      Killed  in  7  days.       Hemorrhagic  inflammation 

and  sclerosis. 
'*    2,       5  c.c.      Killed  in  5  days.        Hemorrhagic  inflammation 

and  sclerosis. 
"    3,       5  c.c.      Diet!  in  20  hours.       Hemorrhagic  inflammallon. 


"    4,       3  c.c.      Killed  in  7  days. 
"    5,       2.0  c.c.    Killed  in  4  days. 


Slight  hemorrhagic  infiltra- 
tion. 

Slight  hemorrhagic  inflam- 
mation and  sclerosis. 


Fat. 

Fat  necrosis 

near  pancreas. 
Fat  necrosis. 

Extensive  fat 

necrosis. 
Slight  fat  necrosifi. 

Slight  fat  necrosis. 


6,       5  c.c. 


11.  Duct  opened,  injected ^  and  li gated. 
Died  In  24  hours.       Hemorrhagic  inflammation. 


7,       8.7  c.c.    Killed  In  3  davs. 


Hemorrhagic  inflammation 
and  sclerosis. 


Fat  necrosis. 
Slight  fiit  necrosis. 
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The  injection  of  5  c.c.  of  bile  into  the  pancreatic  duct  caused  hem- 
orrhagic inflammation  of  the  gland  in  four  dogs,  two  of  which  died 
within  twenty-four  hours  after  the  operation.  Death  did  not  follow 
the  use  of  smaller  amounts,  and  the  changes  produced  in  the  organ 
were  less  wide-spread  and  severe.  In  every  case  necrosis  of  the  adja- 
cent fat  accompanied  the  lesion  of  the  pancreas,  and  in  the  two  in- 
stances in  which  death  occurred  spontaneously  foci  of  necrosis  were 
abundant  and  disseminated.  In  Experiment  No.  1,  though  the  entire 
splenic  arm  of  the  gland  was  the  seat  of  an  intense  inflammatory  re- 
action, cover-slips  and  cultures  demonstrated  the  absence  of  bacteria. 
The  presence  of  bacteria  in  the  pancreas  of  dog  No.  2,  which  died 
twenty  hours  after  the  operation,  is  not  surprising,  since  the  injection 
was  made  through  the  duodenal  orifice  of  the  duct. 

Microscopic  examination  confirmed  the  diagnosis  of  hemorrhagic 
pancreatitis,  and  demonstrated  the  identity  of  the  experimental  lesions 
with  that  which  occurs  in  human  cases.  The  injected  bile  first  causes 
necrosis  of  parenchymatous  cells  with  which  it  comes  in  contact. 
They  lose  their  nuclei,  and  their  protoplasm  assumes  a  homogeneous 
hyaline  appearance  and  stains  deeply  with  eosin.  The  injurious  ' 
action  of  the  irritant  upon  the  bloodvessels  is  manifested  by  the  oc- 
currence of  hemorrhage  into  the  necrotic  areas.  An  inflammatory 
reaction  now  ensues  and  is  characterized  by  the  accumulation  of  poly- 
nuclear  leucocytes  and  fibrin  in  the  interstitial  tissue  and  in  the 
necrotic  parenchyma.  The  necrotic  material  undergoes  disintegra- 
tion, and  a  rapid  new  growth  of  interstitial  fibrous  tissue,  in  part  or 
wholly,  replaces  it.  Where  death  does  not  rapidly  follow  the  primary 
effects  of  the  operation  opportunity  is  given  for  the  occurrence  of 
secondary  changes  in  the  gland.  The  experimental  lesion  is  not  in 
all  cases  so  extensive  as  that  recorded  in  the  accompanying  autopsy 
report.  In  these  experiments  a  single  injection  of  bile  is  made,  while 
in  the  human  case  bile  is  repeatedly  poured  into  the  organ. 

Conclusions.  1.  A  gallstone  impacted  in  the  diverticulum  of 
Vater  may  occlude  the  common  orifice  of  the  bile-duct  and  duct  of 
Wirsung  and  convert  them  into  a  continuous  closed  channel.  Bile 
enters  the  pancreas  by  way  of  the  pancreatic  duct,  and  the  pancreas 
becomes  the  seat  of  inflammatory  changes  characterized  by  necrosis 
of  the  parenchymatous  cells,  hemorrhage  and  the  accumulation  of 
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inflammatory  products.  Anatomic  peculiarities  of  the  diverticulum 
of  Yater  do  not  permit  this  sequence  of  events  in  a  small  proportion 
of  individuals. 

2.  Injection  of  bile  into  the  pancreatic  duct  of  dogs  causes  a  necro- 
tizing hemorrhagic  inflammation  of  the  pancreas  resembling  the 
human  lesion,  and,  like  it,  accompanied  by  fat  necrosis.  Necrosis  of 
the  parenchymatous  cells  and  hemorrhage  represent  the  primary 
action  of  the  bile ;  an  inflammatory  reaction  rapidly  follows. 

3.  The  frequent  association  of  cholelithiasis  with  hemorrhagic  and 
gangrenous  pancreatitis  is  the  result  of  gallstone  impaction  at  the 
orifice  of  the  diverticulum  of  Vater  and  penetration  of  bile  into  the 
pancreas. 
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Since  Demarquay^  discovered  embryo  filarise  in  chylous  fluid  from 
the  tunica  vaginalis^  numerous  observers,  in  great  part  English  physi- 
cians residing  in  the  British  colonies,  have  demonstrated  the  frequency 
with  vhich  filarial  infection  occurs  in  tropic  countries.  In  1868 
Wucherer^  noted  the  presence  of  filariae  in  chylous  urine,  and  in  1879 
Lewis^  recorded  their  presence  in  the  blood.  It  was  not  until  1876 
that  Bancroft/  examining  a  suppurating  lymphatic  varix  of  the  arm, 
found  the  adult  female  worm  to  which  Cobbold,  recording  the  dis- 
covery, gave  the  name  Filaria  bancrofti. 

The  parasite  has  a  wide  geographic  distribution  and  infects  a  large 
proportion  of  the  population  of  many  tropic  countries.  Manson*  has 
collected  observations  demonstrating  the  prevalence  of  filaria  on  the 
East  and  West  African  Coasts,  in  Morocco,  India,  Ceylon,  the  islands 
of  the  South  Pacific,  British  Guiana,  and  the  West  Indies.  It  hius 
been  observed  in  many  other  tropic  countries.  In  Cochin,  a  dis- 
trict of  Southern  India,  Manson  found  one-third  of  the  inhabitants 
infected,  and  in  Samoa  one-half  of  those  examined,  while  Thorpe*  in 
the  Friendly  Islands  found  filarial  heraatozoa  in  the  blood  of  32  per 
cent,  of  the  natives.  A  large  proportion  of  infected  individuals  ap- 
pear to  be  in  good  health,  but  a  variety  of  pathologic  conditions  with 
which  the  parasite  has  been  found  associated  are  undoubtedly  caused 
by  its  presence. 

1  Gaz.  M6d.  de  Paris,  1868,  xvili.  p.  665. 

*  Oazeta  Medica  da  Bahia.  December  15, 1868,  p.  97. 

'  Indian  Annals  of  Medical  Science,  Calcutta,  1873-74,  xvi.  p.  504. 

*  Gobbold.    Lancet,  1877,  Ixviii.  pp.  70  and  49o. 

^  Tropical  Diseases.    London,  1900.  «  British  Medical  Journal,  1896,  ii.  p.  922. 
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Numerous  investigations  have  shown  that  Filaria  bancrofti  requires 
two  hosts  in  order  to  complete  the  cycle  of  its  life-history.  Embryo 
filarise  are  withdrawn  from  the  human  body  by  a  blood-sucking  in- 
sect, the  mosquito,  and  in  its  body  undergo  a  series  of  developmental 
changes.  The  adult  male  and  female  filaria,  macroscopic  nematodes 
several  inches  in  length,  have  been  repeatedly  found  within  the  dilated 
lymphatic  vessels  of  the  human  host.  Almost  the  entire  body  cavity 
of  the  female  is  occupied  by  a  uterus  filled  with  ova  and  embryo  para- 
sites in  various  stages  of  development.  The  minute  worm-hke  em- 
bryos, containing  no  recognizable  organs  and  enclosed  in  a  delicate 
sheath,  are  poured  in  great  numbers  into  the  lymphatic  vessels,  and 
hence  reach  the  bloodvessels,  where,  owing  to  their  small  diameter, 
about  that  of  a  red  blood-corpuscle,  they  circulate  freely  through  the 
capillary  vessels. 

Manson^  has  shown  that  when  blood  containing  embryo  filarise  is 
drawn  into  the  stomach  of  a  mosquito  the  parasite  loses  its  sheath, 
and  by  active  movements  makes  its  way  through  the  stomach  wall 
into  the  thoracic  muscles  of  the  insect,  where  it  undergoes  changes  by 
which  it  acquires  a  digestive  tract  and  other  rudimentary  organs. 
Lo^^  has  recently  found  that  the  parasite  makes  its  way  into  the 
head  of  the  mosquito  and  lies  in  the  loose  connective  tissue  below  the 
cephalic  ganglion  and  salivary  duct,  finally  penetrating  the  proboscis, 
where  it  may  be  demonstrated  by  appropriate  sections.  Here  two 
worms  are  almost  constantly  seen  together.  Manson's  early  investi- 
gations have  been,  it  is  well  known,  the  incentive  for  much  of  the 
research  which  has  demonstrated  that  the  mosquito  is  an  intermediate 
host  of  the  malarial  parasite,  and  transfers  the  protozoon  from  one 
human  host  to  another.  The  discovery  of  the  partially  developed  para- 
site in  the  proboscis  of  the  mosquito  indicates  that  the  filaria  follows 
the  analogy  of  the  malarial  organism,  and  is  transmitted  from  one  in- 
dividual to  another  by  certain  species  of  mosquitoes  in  which  it  passes 
the  entire  period  of  its  existence  outside  the  human  body.  Investi- 
gations of  James'^  have  confirmed  and  extended  Low's  observations. 

Low  studied  the  development  of  filaria  in  the  mosquito  Culex 
ciliaris ;  James,  in  Culex  microannulatus  and  Culex  albopictus. 
James  has  shown  that  mosquitoes  of  the  genus  Anopheles  may  har- 

1  CobVx^Ul.    Lancet,  I'^T*^.  Ixix.  p.  69. 

2  British  Mc<lic»il  Journal,  ItKX),  i.  p.  14.t6.  «  Ibid.,  II.  p.  683. 
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bor  filariae,  and  has  traced  the  development  of  the  parasite  in  Ano- 
pheles rossii.  It  is,  therefore,  not  improbable  that  a  considerable 
number  of  different  species  may  act  as  intermediate  host  to  Filaria 
bancrofti.  Every  infected  individual  becomes  a  source  of  danger  to 
the  community  in  which  he  lives  should  an  appropriate  species  of 
mosquito  thrive  in  the  same  locality.  Constantly  increasing  inter- 
course between  the  United  States  and  tropic  countries,  notably  the 
West  Indies  and  the  Philippine  Islands,  give  increased  importance  to 
this  possibility. 

Filarial  infection  is  prevalent  throughout  the  West  Indies.  Guit^ras^ 
found  filariae  in  the  blood  of  four  Cubans  residing  at  Key  West.  A 
case  described  by  Young'  was  that  of  a  resident  of  Jamaica.  The 
disease  seems  to  be  particularly  prevalent  in  the  Windward  and  Lee- 
ward Islands.  Flint^  has  reported  a  case  from  the  Island  of  St.  Kitts. 
Manson^  examined  specimens  of  blood  from  twenty-eight  inhabitants 
of  the  Islands  of  St.  Kitts  and  Montserrat,  and  in  six  found  filariae. 
In  152  specimens  from  the  Island  of  St.  Vincent  filariae  were  found  in 
six.  Galgey^  has  found  similar  parasites  numerous  upon  the  Island 
of  St.  Lucia.  The  patient  of  Lothrop  and  Pratt^  had  lived  on  the 
Island  of  Barbados.  The  patient  whose  case  is  to  be  described  was  a 
native  of  the  Island  of  St.  Thomas. 

There  is  little  doubt  that  the  disease  prevails  to  a  limited  extent  in 
the  Southern  States,  and  in  a  number  of  instances  infection  has  been 
acquired  within  this  country.  Guit^ras  found  filariae  in  the  blood  of  a 
mulatto,  a  native  of  Charleston,  S.  C,  who,  though  he  had  lived  only 
in  South  Carolina  and  Georgia,  suffered  with  chyluria.  In  the  blood 
of  a  second  negro  suffering  with  chylous  hydrocele  Guit^ras  found 
filariae.  De  Sassure^  has  described  twenty  additional  cases  of  filarial 
infection  occurring  in  residents  of  Charleston,  S.  C.  In  all  but  two 
cases  the  infection  was  undoubtedly  acquired  within  the  United 
States.  Mastin^  records  the  case  of  a  white  man  who  had  never 
hved  outside  of  Mobile,  Ala.,  and  its  immediate  vicinity ;  filariae  were 
found  in  chylous  fluid  withdrawn  from  the  tunica  vaginalis.     Henr^'^ 

<  Medical  News,  1886,  xlvUi.  p.  395.  2  British  Medical  Journal,  1897,  i.  p.  1037. 

»  New  York  Medical  Journal,  1895, 1x1.  p.  737. 

*  Britlfih  Medical  Journal,  1897,  ii.  p.  1837.  *  Ibid.,  18<J9,  i.  p.  146. 

'  American  Journal  of  the  Medical  Scicuces,  1900,  cxx.  p.  b'2'). 

7  Medical  News,  1890,  Ivl.  p.  704.  ^  Auuals  of  Surgery,  LS88,  viil.  p.  321. 
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describes  a  case  of  filarial  chyluria  in  a  girl  who  had  lived  only  in 
South  Carolina,  Florida^  and  Pennsylvania.  Two  cases  of  chyluria 
with  filarise  in  the  urine  are  described  by  Slaughter/  The  infected 
individuals  had  for  at  least  twenty  years  lived  in  Virginia,  a  short 
distance  from  Washington,  and  gave  no  history  of  having  visited  any 
tropic  country.  Even  more  surprising  is  the  case  described  by 
Dunn.'  His  patient,  who  had  suffered  with  filarial  chyluria,  had 
never  been  outside  of  Pennsylvania,  and  had  spent  almost  her  entire 
life  in  Philadelphia.  Winn^  discovered  filariae  in  the  urine  of  a 
patient  suffering  with  chyluria  who  had  resided  in  the  Northern  and 
Western  States. 

A  case  of  filarial  infection  imported  from  the  West  Indies  has 
been  studied  recently  in  the  Pathologic  Laboratory  of  the  Johns 
Hopkins  Hospital.  Since  the  condition  is  so  rarely  encountered  in 
this  locality,  it  was  not  suspected  during  life  and,  unfortunately,  no 
observations  were  made  upon  the  living  parasite.  Few  autopsies  have 
been  performed  on  subjects  of  filariasis,  and  the  pathology  of  the 
associated  conditions  is  not  well  understood. 

Clinical  HUtory,  Male,  aged  twenty-four  years.  The  patient  was  admitted 
to  the  Johns  Hopkins  Hospital,  in  the  service  of  Dr.  Halsted,  complaining  of 
abdominal  pain  and  distention.  No  very  definite  personal  history  was  ob- 
tainable. He  was  born  of  Danish  parents  on  the  Island  of  St.  Thomas,  one  of 
the  Danish  West  Indies.  Since  the  age  of  fourteen  he  had  been  a  sailor,  and 
for  a  number  of  years  visited  different  ports  of  the  West  Indies.  For  the 
past  few  years  he  had  lived  in  this  country.  He  has  repeatedly  had  what 
he  describes  as  ^'  spasms,"  and  has  had,  he  says,  a  hernia  for  eight  years. 

The  patient  was  brought  to  the  hospital  in  an  ambulance  Sunday,  March  3d. 
He  was  well  and  able  to  work  until  the  preceding  Thursday,  when,  in  the 
evening,  he  had  a  chill  and  went  to  bed.  During  the  '^  spasm ''  which  fol- 
lowed, his  hernia,  he  says,  came  down  and  has  not  since  been  reduced, 
though  an  attempt  was  made  by  a  physician.  Since  Friday  he  has  had 
severe  abdominal  pain  and  has  vomited  frequently,  the  vomitus  having,  it  is 
said,  a  fecal  odor.  The  bowels  had  not  moved  since  last  Thursday ;  urine 
was  voided  with  some  difficulty  and  pain. 

The  patient  is  a  sparely-built  man,  with  swarthy  complexion.  His  tem- 
perature on  admission  was  104.2°  F.;  the  pulse,  of  poor  volume,  is  136  to  the 
minute.  The  percussion  note  over  the  lower  right  back  and  axilla  is  flat  and 
high-pitched,  and  the  breath  sounds  are  distant.    The  abdomen  is  symmetri- 

1  Medical  News,  1891,  lix.  p.  649. 

-  TransacLioiis  of  the  College  of  Physicians  of  Philadelphia,  1898,  xx.  p.  80. 
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cally  distended  and  tympanitic ;  the  spleen  is  not  palpable.  White  blood- 
corposcles  number  20,800.  In  the  right  groin  is  a  visible  tumor  consisting 
of  two  parts.  One  part,  a  rounded  mass  lying  immediately  below  Poupart's 
ligament,  is  3  cm.  in  diameter  and  tender  to  the  touch.  It  gives  no  impulse 
CD  coughing,  but  appears  to  have  a  slightly  resonant  percussion  note,  and  was 
thought  to  be  a  strangulated  femoral  hernia.  The  second  part  of  the  tumor, 
lying  below  the  saphenous  opening,  measures  8  by  3  cm.,  and  feels  like  a 
mass  of  enlarged  lymphatic  glands.  Both  testicles  can  be  felt,  and  the  leit 
epididymis  is  somewhat  smaller  than  the  right. 

An  exploratory  incision  under  cocaine  anesthesia  was  made  over  the  sup- 
posed hernia.  It  was  found  to  consist  in  part  of  a  mass  of  dilated  channels 
containing  clotted  blood,  often  of  chocolate  color,  in  part  of  denser  tissue  of 
spongy  texture.  This  new  growth  apparently  followed  the  femoral  vessels 
and  extended  a  short  distance  along  the  saphenous  vein.  A  part  of  the  mass 
was  removed,  the  wound  was  partially  closed,  and  iodoform  gauze  was  in- 
serted into  its  lower  angle. 

Since  the  symptoms  in'dicated  the  existence  of  general  peritonitis,  on  the 
following  morning  an  exploratory  incision  was  made  in  the  median  line  of 
the  abdomen.  Pus  and  fibrin  were  found  in  all  parts  of  the  peritoneal  cavity, 
but  careful  examination  of  the  abdominal  viscera  failed  to  reveal  any  cause 
for  the  peritonitis  present. 

The  patient  remained  weak  and  restless  after  the  operation.  The  white 
blood-corpuscles,  counted  three  times,  numbered  from  16,400  to  21,000 ;  the 
temperature  fell  to  98°  F.  after  the  second  operation,  but  rose  to  103.9° 
shortly  before  death,  which  occurred  on  the  following  day.  The  urine  con- 
tained a  small  quantity  of  albumin  and  a  few  casts,  but  other  alterations 
were  not  noted. 

Autopsy.  The  body  is  that  of  a  sparely-built,  well-nourished  man.  In  the 
right  inguinal  region  is  a  linear  incision,  the  upper  part  of  which  is  closed 
by  silver  wire ;  the  lower  part  is  open,  and  from  it  can  be  squeezed  thin, 
turbid  fluid.  The  exposed  fat  is  deep  red  and  injected.  Through  the 
abdominal  wall  near  the  median  line  is  a  second  closed  incision. 

The  peritoneal  cavity  contains  about  50  c.c.  of  opaque,  yellow  fluid ;  the 
omentum  and  several  loops  of  the  intestine  are  lightly  adherent  to  the  an- 
terior abdominal  wall  near  the  wound,  and  in  places  adjacent  peritoneal  sur- 
faces of  the  omentum  and  intestine  are  lightly  held  together  by  fibrinous 
material.  The  peritoneal  surface  is  dull,  and  here  and  there  is  covered  by 
fibrino-purulent  exudate  in  small  amount.  Minute  vessels  are  injected  and 
subserous  ecchymoses  are  numerous.  The  appendix  curled  up  in  the  iliac 
fossa  is  normal  in  appearance.  The  right  pleural  cavity  contains  no  excess 
of  fluid.  The  parietal  and  visceral  surfaces  are  dull  and  lightly  bound  to- 
gether by  fibrinous  exudate  resembling  that  of  the  peritoneum  and  most 
abundant  over  the  basal  surface  of  the  lung.  The  left  pleural  and  pericar- 
dial cavities  show  no  evidence  of  inflammation. 

The  heart  weighs  270  grams;  below  the  epicardium  are  numerous  ecehy- 
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motic  points ;  the  valves  are  delicate.  The  lungs,  resembling  one  another 
closely,  are  deep  red  in  color  and  exude  bloody  serum,  but  are  crepitant 
throughout;  the  bronchi  are  slightly  injected;  the  surface  of  the  liver  is 
smooth  and  of  a  yellowish-red  color,  studded  with  minute  ecchymoses ;  the 
spleen  is  not  enlarged,  weighing  150  grams ;  the  capsule  is  thickened  and 
fibrous  in  places ;  the  stomach  and  intestines  are  normal  throughout ;  the 
pancreas  is  firm  in  consistence,  compact  in  texture,  and  of  a  uniform  grayish- 
yellow  color.  Near  the  upper  border  of  the  head  of  the  organ  is  an  enlarged 
lymph  gland,  hemorrhagic  on  section  and  1.5  cm.  in  diameter.  The  mesen- 
tery contains  lymphatic  glands  which  are  firm,  gray-white,  and  occasionally 
1.5  cm.  in  diameter.    No  abnormality  of  the  lacteal  vessels  is  noted. 

After  exposing  the  retroperitoneal  tissue  by  removal  of  the  above-named 
organs  is  seen  a  diffuse  and  extensive  new  growth  which  was  previously  in- 
conspicuous. (See  Plate.)  It  occupies  the  entire  space  between  the  kidneys 
and  extends  along  the  renal  vessels  into  the  hilum  of  the  right.  It  is  in 
direct  contact  with  both  adrenals,  but  does  not  invade  them.  It  extends 
downward  in  front  and  on  either  side  of  the  aorta  and  vena  cava  as  far  as  the 
promontory  of  the  sacrum,  and  has  an  average  width  of  5  cm.  and  a  thickness 
of  only  1  to  1.5  cm.  An  extension  passes  into  the  pelvic  cavity  to  the  right 
of  the  median  line  and  forms  a  flattened  mass  lying  behind  the  ureter  and 
between  the  bladder  and  pelvic  wall,  having  here  an  average  thickness  of 
about  2  cm.  The  tumor  tissue  completely  embeds  the  aorta  and  vena  cava 
below  the  level  of  the  renal  vessels,  and  sends  a  lappet  in  front  of  the  right 
ureter.  It  can  be  readily  dissected  from  the  structures  with  which  it  is  in 
contact.  When  the  adherent  areolar  tissue  and  fat  are  removed  from  its  sur- 
face the  appearance  is  that  of  a  mass  of  thin- walled  dilated  and  tortuous  ves- 
sels containing  dark,  thrombus  material.  Convolutions  projecting  forward 
give  a  nodular  aspect  to  the  surface.  The  tissue  is  flaccid  in  consistence  but 
tough,  and  on  section  is  found  to  consist  of  dilated  trabeculated  channels, 
usually  2  to  5  mm.  in  diameter,  lined  by  smooth  endothelium  and  contain- 
ing firm  thrombus  material  of  dark  red  or  reddish-brown  color.  They  are 
held  together  by  a  varying  amount  of  fibrous  tissue,  in  which  fat  is  abundant. 
A  flattened  continuation  of  the  tumor  follows  the  femoral  vessels  under  Pou- 
part's  ligament,  covering  them  for  a  short  distance  and  lying  in  the  wall  of 
the  wound  previously  mentioned.  In  this  tissue  is  embedded  a  lymph  gland 
about  1.5  cm.  in  diameter.  From  the  tumor  mass  in  the  region  of  the  kidney 
a  strand  of  dilated  thrombosed  channels  resembling  those  elsewhere  passes 
down  along  each  spermatic  vein  to  the  testicle,  and  forms  in  contact  with  the 
epididymis  a  spongy  fibrous  mass  which  is  larger  on  the  left  than  on  the  right 
side. 

To  the  right  of  the  aorta  a  continuation  of  the  varicose  tissue  within  the 
abdomen  extends  upward  through  the  diaphragm  and  expands  slightly  im- 
mediately above  to  form  a  smooth,  cylindric  mass  2  cm.  in  diameter,  com- 
posed of  dilated  thin-walled  sinuses,  the  lumina  of  which  are  broken  by 
irregular  trabeculae  and  contain  brownish  thrombus  material.     This  rela- 
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tively  smooth  mass  lies  to  the  right  of  the  aorta  for  a  distance  of  10  cm.  above 
the  diaphragm,  and  then  becoming  irregular  in  outline,  as  if  composed  of 
separate  dilated  channels,  passes  behind  the  arch  of  the  aorta  to  the  left  side 
oi  the  esophagus  and  trachea.  The  dilated  vessels  which  form  it  pass  between 
the  left  subclavian,  left  carotid  and  innominate  arteries,  and  form  in  front  of 
them  a  small  mass  resembling  the  tumor  tissue  elsewhere.  In  removing  the 
specimen  the  veins  at  the  base  of  the  neck  were  cut  so  that  their  relation 
to  the  tumor  mass,  which  evidently  represents  the  enlarged  varicose  thoracic 
duct,  could  not  be  definitely  determined.  At  one  point  there  is  a  communi- 
cation between  a  vein  occupying  approximately  the  position  of  the  left  sub- 
clavian and  the  varix.  The  orifice  in  the  wall  of  the  vein  is  about  2  mm. 
in  diameter,  and  gives  entrance  to  a  dilated  channel  which  is  filled  almost  to 
the  surface  of  the  vein  by  thrombus  material  resembling  that  found  elsewhere 
in  the  dilated  channels. 

The  kidneys,  ureters,  and  bladder  appear  to  be  normal ;  the  aorta  is  smooth 
throughout,  and  the  inferior  vena  cava  is  normal. 

Microscopic  Examination,  Sections  made  from  various  parts  of  the  varix- 
like  tumor  show  that  it  consists  of  thin-walled  vessels  held  together  by  loose 
alveolar  tissue  containing  fat.  The  vessel  walls  are  formed  in  great  part  by 
fibrous  tissue,  but  contain  smooth  muscle,  often  in  considerable  quantity. 
(Hypertrophy  of  muscular  tissue  is  described  by  Lothrop  and  Pratt.*)  The 
lining  endothelium  is  represented  by  oval  nuclei  seen  at  intervals.  These 
vessels  have  not  the  structure  of  veins  or  of  arteries.  Occasionally  the  smaller 
channels  do  not  have  distinct  walls,  and  are  simply  dilated  spaces  within  the 
connective  tissue.  The  lumina  are  filled  with  red  blood-corpuscles  and 
polynuclear  leukocytes  in  great  number  lying  in  a  rich  network  of  fibrin. 
Lymphoid  cells  occur  in  small  number,  and  here  and  there  are  large  endo- 
thelioid  cells  with  vesicular  nucleus.  Sections  stained  by  Weigert's  fibrin 
stain  demonstrate  the  presence  of  diplococci  in  great  numbers,  both  free  and 
within  leukocytes.  The  dilated  lymphatic  vessels  are  embedded  in  fibrous 
tissue  which  is  infiltrated  with  polynuclear  leukocytes,  often  very  numerous 
and  mingled  in  places  with  fibrin  and  red  blood-corpuscles.  Occasionally 
the  tissue  is  denser  and  more  fibrous  and  contains  lymphoid  cells. 

A  section  through  the  varix  in  contact  with  the  left  epididymis  shows  dense 
interstitial  tissue  containing  numerous  lymphoid,  plasma,  and  eosinophile 
cells.  The  section  passes  through  a  dilated  lymphatic  vessel  which  contains 
what  is  immediately  recognizable  as  at  least  one  much-coiled  nematode  worm 
cut  many  times.  The  body  is  formed  by  a  musculocutaneous  tube  covered  by 
a  thin  cuticle.  Its  most  conspicuous  anatomic  feature  is  the  bilobed  uterus 
filled  with  ova  and  embryos  in  various  stages  of  development.  Some  of  the 
latter  are  coiled  up  within  an  oval  sac,  while  others  lie  stretched  out  parallel 
to  one  another.  In  all  sections  the  alimentary  canal  is  recognizable  as  a 
slender  tubule  whose  cells  contain  brown  pigment.    Several  sections  appear 

1  Loc.  cit. 
Am  Fhys  22 
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to  belong  to  a  second  smaller  worm.  Its  digestive  tract  is  larger^  and  there 
is  within  the  musculocutaneous  body  only  one  other  tubular  organ. 

Sections  from  various  organs  were  carefully  examined  for  embryo  filaris. 
In  a  small  hepatic  vein  was  found  a  portion  of  a  small  worm-liice  body  com- 
posed of  a  cuticle  surrounding  a  central  nucleated  strand  and  identical  in 
structure  with  the  intrauterine  embryos. 

Bacleriologic  Examination.  Stained  smear  preparations  of  the  exudate  in 
the  pleural  and  peritoneal  cavities  contain  very  numerous  capsulated  lanceo- 
late diplococci.  Cultures  from  the  lymphatic  varix  studied  by  Mr.  Warfield 
Longcope  contain  diplococcus  lanceolatus  in  pure  culture.  Diplococcus  lan- 
ceoiatus  and  staphylococcus  pyogenes  albus  were  obtained  from  the  peritooe&l 
cavity. 

Pathologic  Diagnom.  Filariasis;  lymphatic  varix  involving  thoracic  duct, 
retroperitoneal  lymphatic  vessels  of  the  abdomen  and  pelvis,  and  lymphatic 
vessels  of  the  spermatic  cord  and  of  the  right  groin ;  adult  Filaria  bancro/ti 
within  a  dilated  lymphatic  vessel ;  embryo  filaria  in  a  branch  of  the  hepatic 
vein.  Terminal  infection  of  lymphatic  varix  with  diplococcus  lanceolatus; 
fibrino-purulent  inflammation  of  the  peritoneum,  right  pleura,  and  tuniae 
vagi  n  ales, 

A  clinical  condition  referable  to  the  parasite  was  the  presence  of  a 
tumor  mass  in  the  right  groin,  which^  according  to  the  patient*s  state- 
ment, had  been  for  eight  years  supposed  to  be  a  hernia.  Autopsy 
demonstrated  the  existence  of  an  immense  plexus  of  enormously  dilated 
lymphatic  vessels  lying  in  the  abdomen  and  pelvis  in  front  of  the  ver- 
tebral column.  Continuous  with  this  plexus  was  the  distended  vari- 
cose thoracic  duct  passing  beside  the  aorta  to  the  base  of  the  neck. 
Dilated  lymphatics  held  together  by  fibrous  tissue  followed  both  sper- 
matic veins  as  far  as  the  epididymis,  and  a  similar  mass  of  lymphatic 
vessels  passed  with  the  femoral  vein  and  artery  under  Poupart's  liga- 
ment and  formed  the  mass  which,  during  life,  was  mistaken  for  a  hernia. 
An  adult  filaria  occupied  a  dilated  lymphatic  vessel  near  the  right 
epididymis,  and  a  single  embryo  was  found  in  a  bloodvessel  of  the 
liver.  The  entire  lymphatic  varix  was  the  seat  of  acute  inflammation 
characterized  by  the  accumulation  of  polynuclear  leukocytes  in  the 
distended  vessels  and  in  the  intervening  tissue.  The  lymphatic 
vessels  were  filled  in  great  part  with  blood,  and  had  everywhere  under- 
gone thrombosis.  Bacteriologic  examination  demonstrated  infection 
with  diplococcus  lanceolatus ;  secondary  infection  of  the  serous  cavi- 
ties in  contact  with  the  varix  had  occurred,  and  death  resulted  with 
acute  fibrino-purulent  inflammation  of  the  peritoneum,  right  pleura, 
and  both  tunicae  vaginales. 
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Since  the  parasites  in  the  preceding  case  were  not  studied  during 
life,  and  were  only  observed  in  sections  of  the  tissues  obtained  at 
autopsy,  it  was  not  possible  to  determine  the  details  believed  by 
Manson  to  distinguish  different  species  of  filaria.  The  sexually  mature 
parasite  discovered  by  Bancroft  was  described  by  Cobbold  and  given  the 
name  Filaria  bancrofti.  This  nematode  is  now  known  to  be  the  parent 
form  of  the  embryonic  worms  which  Lewis  had  previously  found  in 
the  blood.  Filaria  sanguinis  hominis^  the  name  originally  proposed 
by  Lewis  and  most  commonly  employed  to  designate  filarial  hema- 
tozoa,  being  trinomial  is  not  acceptable  to  zoologists  as  a  designation 
for  the  species.  Manson/  who  has  carefully  studied  embryo  filarise 
from  the  blood  of  many  individuals  inhabiting  widely  separated  tropic 
countries,  has  arrived  at  the  conclusion  that  there  are  at  least  four, 
possibly  five,  distinct  species  of  filaria,  embryos  of  which  circulate 
freely  in  the  blood.  His  distinctions  concern  the  disappearance  of 
the  parasite  from  the  blood  during  certain  periods  of  the  day,  its  size, 
the  presence  or  absence  of  an  enveloping  sheath  and  certain  details 
of  shape  and  structure. 

Manson*  discovered  the  remarkable  fact  that  the  filarial  embryos  dis- 
appear from  the  blood  during  the  day,  though  they  may  be  found  in 
large  numbers  during  the  night.  Examinations  repeated  at  intervals 
during  the  day  and  night  demonstrate  their  periodic  disappearance 
from  the  cutaneous  circulation.  Appearing  at  6  or  7  o'clock  in  the 
evening,  and  gradually  increasing  in  number,  they  reach  a  maximum 
at  midnight.  A  gradual  diminution  in  number  then  occurs,  and 
at  8  or  9  o'clock  in  the  morning  they  have  entirely  disappeared. 
Subsequent  observers  have  confirmed  the  occurrence  of  this  phenome- 
non. From  observation  made  upon  an  infected  individual  who  com- 
mitted suicide  at  8.30  a.m.,  Manson^  thinks  it  probable  that  the- 
majority  of  the  parasites  accumulate  during  the  day  in  the  lungs. 
Stephen  Mackenzie^  made  the  important  observation  that  this  period-- 
icity  might  be  reversed  by  reversing  the  habits  of  the  infected  indi- 
vidual, causing  him  to  sleep  during  the  day  and  remain  awake  and  take 
his  meals  during  the  night.  Filarial  embryos  then  become  abundant 
during  the  day,  but  are  absent  from  the  cutaneous  blood  during  the  night. 

»  Lancet,  1891, 1,  p.  4,  and  British  Medical  Journal,  1897,  il.  p.  1837. 

*  Transaction^  of  the  Pathological  Society  of  London,  1881,  xxxii.  p.  285. 

a  British  Medical  Journal,  1899,  ii.  p.  644.  ♦  Loc.  cit. 
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MaDson  subsequently  found  that  the  occurrence  of  this  periodic 
disappearance  of  filarise  is  not  a  constant  phenomenon^  even  when  the 
habits  of  the  infected  individual  undergo  no  purposeful  change.  In 
the  great  majority  of  cases,  notably  in  individuals  infected  with  vari- 
ous forms  of  lymphangiectasis,  chyluria,  and  chylous  hydrocele  often 
demonstrably  associated  with  the  worm  described  by  Bancroft  in  the 
infected  lymphatics,  the  phenomenon  of  periodicity  occurs,  and  to  this 
parasite  Manson  has  given  the  name  Filaria  sanguinis  hominis  noc- 
turna,  the  prior  binomial  name  being  Filaria  bancrofti.  In  the 
blood  of  three  negroes  from  the  west  coast  of  Africa,  Manson^  found 
an  embryo  which  morphologically  resembled  the  nocturnal  form,  but 
presented  a  reversed  periodicity,  appearing  during  the  day,  though 
absent  during  the  night.  Manson  designates  the  parasite  Filaria 
sanguinis  hominis  diurna.  It  is  not  inconceivable  that  some  peculi- 
arity of  the  infected  individuals  may  have  caused  this  alteration  of 
the  parasite.  Manson's  suggestion  that  Filaria  loa  is  a  parental  form 
of  this  embryo  has  very  little  in  its  favor. 

In  natives  of  the  west  coast  of  Africa,  Manson  found  a  third 
variety  of  hematozoa  which  does  not  disappear  from  the  blood  during 
either  day  or  night,  and  has  been  designated  by  him  Filaria  sanguinis 
hominis  perstans.  It  is  much  smaller  than  the  previously  mentioned 
parasites,  possesses  no  sheath,  is  more  actively  motile,  has  a  truncated 
tail,  presents  certain  peculiarities  of  the  oral  apparatus  and  does  not 
possess  the  granular  aggregation  which  in  other  forms  has  been  found 
near  the  mid-part  of  the  body. 

In  blood  obtained  from  inhabitants  of  an  island  of  the  West  Indies, 
St.  Vincent,  Manson^  has  described  what  he  believes  to  be  a  fourth 
species,  and  has  given  it  the  name  Filaria  demarquayi.  It  has  a 
pointed  tail  and  is  shaped  like  Filaria  nocturna,  but  is  less  than  half 
as  large  and  has  no  sheath.  It  is  present  in  the  blood  during  the  day 
and  night.  In  the  blood  of  the  aboriginal  Indians  from  the  interior 
of  British  Guiana  he  thinks  he  has  distinguished  still  a  fifth  variety. 
This  was  associated  with  a  blunt- tailed  embryo  which  he  identified  with 
his  Filaria  perstans  of  the  west  coast  of  Africa,  the  two  being  often 
found  together  on  the  same  slide.  This  fifth  variety,  which  he  calls 
Filaria  ozzardi,  resembles  very  closely  his  Filaria  demarquayi,  and  he 
thinks  may  be  identical  with  it,  though  characterized  by  certain  pecu- 

1  Lancet,  1891,  i.  p.  4.  «  British  Medical  Journal,  1897,  il.  p.  1837. 
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liarities  of  shape,  size,  and  staining  reaction  which  he  does  not  clearly 
define.  Galgej^  found  on  the  Island  of  St.  Lucia  what  he  believed  to 
be  Filaria  demarquayi^  and  concluded  that  it  was  identical  with  speci- 
mens of  Filaria  ozzardi  sent  to  him  for  comparison. 

At  the  postmortem  examination  of  two  British  Guiana  aborigines 
whose  blood  contained  the  two  forms  designated  by  Manson,  Filaria 
perstans  and  Filaria  ozzardi,  Daniels^  found  in  one  case  in  the  mesen- 
tery and  in  the  fat  at  its  base,  in  the  other  in  the  pericardial  fat  as 
well,  male  and  female  nematodes,  which  he  believes  are  the  parental 
forms  of  Filaria  perstans.  The  uterus  of  the  female  contained  only 
blunt-tailed  embryos.  The  adult  worm  was  more  slender  than 
Filaria  bancrofti,  and,  unlike  the  latter,  was  provided  with  a  slightly 
bulbous  tail  having  a  thickened  cuticle  prolonged  into  two  triangular 
appendages.  In  a  third  case  of  similar  character  Daniels^  found,  in 
addition  to  what  he  believed  to  be  adult  Filaria  perstans,  a  female  and 
portion  of  a  male  located  in  the  subperitoneal  connective  tissue  of  the 
anterior  abdominal  wall.  The  female  closely  resembled  in  size  and 
shape  Filaria  bancrofti,  but  since  the  tail  was  slightly  bulbous  Daniels 
believed  it  to  be  a  different  species,  the  parent  form  of  the  blunt-tailed 
embryo,  Manson^s  Filaria  ozzardi. 

The  specific  peculiarities  of  the  filaria  described  evidently  require 
further  investigation.  Periodic  disappearance  from  the  blood  may  be 
dependent  upon  peculiarities  of  the  host ;  male  and  female  embryos 
of  the  same  species  may  have  slight  morphologic  differences. 

In  the  left  ventricle  of  a  child  who  died  in  Rio  de  Janeiro,  Magal- 
haes^  found  male  and  female  sexually  mature  filarise,  of  which  he  has 
given  a  careful  description.  They  are  much  larger  than  Filaria  ban- 
crofti and  differ  in  details  of  structure.  The  child*s  blood  was  not 
examined ;  from  analogy  it  is  not  improbable  that  the  parasite  dis- 
charged embryo  worms  into  the  blood,  but  their  relation  to  the  forms 
which  have  been  described  by  Manson  is  entirely  unknown. 

Filariae  were  discovered  by  Demarquay  in  chylous  hydrocele  fluid. 
Wucherer  found  embryos  in  the  urine  from  a  case  of  tropic  chyluria ; 
Lewis,  who  first  found  filarise  in  the  blood,  observed  this  frequent 
association  with  chyluria  and  with  the  so-called  lymph  scrotum,  a 

1  British  Medical  Journal,  1899,  i.  p.  145.  a  Ibid.,  1898. 1.  p.  lOU. 

«  Ibid.,  1899, 1.  p.  1469. 

«  See  Ton  Linstow,  Centralbl.  f.  Bakt.,  1892,  xli.  p.  8S. 
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condition  in  which  the  scrotum  contains  a  mass  of  tortuous  and  dilated 
lymphatic  vessels,  the  tunica  vaginalis  being  often  distended  with 
serous  or  chylous  fluid.  Subsequent  observations  have  demonstrated 
the  association  of  filaria  with  various  forms  of  lymphatic  varix.  These 
occur  in  a  variety  of  situations,  in  the  groin,  in  the  axilla,  and  more 
deeply  seated  within  the  abdomen  and  thorax.  Embryo  filariae  are 
found  both  in  the  fluid  from  the  varix  and  in  the  blood  of  the  in- 
fected individual,  while  in  a  considerable  number  of  cases  (collected  by 
Lothrop  and  Pratt)  the  adult  worm  has  been  found.  When  it  has  been 
possible,  as  in  the  present  case,  to  determine  the  location  of  the  sexu- 
ally mature  parasite  it  has  been  found  to  occupy  a  dilated  lymphatic 
vessel.  The  parasite  associated  with  the  above-named  conditions  has 
been  identified  as  Filaria  bancrofti,  whose  embryos  appear  in  the  blood 
at  night — Filaria  sanguinis  hominis  nocturna  of  Manson.  Though 
in  the  case  herewith  described  it  was  not  possible  to  determine  the 
specific  peculiarities  of  the  filaria  observed  in  sections  of  the  hardened 
tissues,  there  is  no  reason  to  doubt  its  identity  with  that  which  has 
been  constantly  found  associated  with  the  same  lesion. 

A  very  large  proportion  of  those  who  harbor  hematozoal  filariae  are 
apparently  in  perfect  health.  Under  what  condition  the  worm  be- 
comes harmful  to  its  host  is  not  understood.  The  embryos  discharged 
by  the  female  into  the  lymphatic  vessels  reach  the  blood  presumably 
through  the  right  or  left  thoracic  duct,  and,  it  appears,  circulate 
freely  without  apparently  producing  any  harmful  effects.  The  various 
associated  lesions  have  been  referred  to  the  presence  of  the  adult  worm 
in  the  lymphatics.  Few  autopsies  have  been  performed  on  the  subjects 
of  filarial  disease,  and  the  pathology  of  chyluria,  chylous  hydrocele, 
ascites,  and  various  forms  of  lymphatic  varix  of  the  scrotum,  of  the 
groin,  and  of  the  axilla  is  not  fully  explained. 

A  case  of  filarial  hematochyluria  was  carefully  studied  during  life 
by  Stephen  Mackenzie,^  and  at  autopsy  there  was  found  an  enormous 
lymphatic  varix  very  closely  resembling  that  of  the  above  described 
case.  A  mass  of  dilated  lymphatic  sinuses  occupying  the  entire  space 
between  the  kidneys  extended  from  the  diaphragm  to  the  bifurcation  of 
the  aorta  and  was  continuous  below  with  lymphatic  tissue  lying  upon 
the  iliac  arteries.  The  thoracic  duct  formed  by  the  union  of  several 
dilated  pouched  channels  arising  from  this  mass  was  distended,  and  at 

1  Loc.  cit. 
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a  point  one  and  a  half  inches  above  the  diaphragm  was  filled  by  a  loose 
clot.  The  terminal  part  of  the  duct  appeared  to  be  pervious.  Find- 
ing the  lymphatics  near  the  kidney  greatly  dilated  Mackenzie  thought 
it  probable  that  within  the  kidney,  between  the  lympathic  and  urinary 
apparatus,  there  was  a  communication  by  which  chylous  lymph  entered 
the  urine.  The  bladder  appeared  to  be  normal ;  chyle  and  blood  had, 
however,  entirely  disappeared  from  the  urine  three  months  before  death. 

Much  more  decisive  regarding  the  pathology  of  chyluria  is  a  case 
reported  by  Havelburg.^  The  patient  had  for  six  months  suffered  with 
chyluria,  and  filarisB  had  been  found  in  the  urine  and  at  night  in  the 
blood.  A  partial  autopsy  disclosed  an  immense  abdominal  tumor  ex- 
tending from  the  kidneys  to  the  pelvis  and  composed  of  varicose  pro- 
jecting sinuses  containing  chyle.  The  tumor  was  in  intimate  contact 
with  the  left  side  of  the  bladder.  On  opening  this  organ  there  was 
found  in  the  mucosa  opposite  a  perforation  from  which  milky  fluid 
could  be  squeezed. 

Extensive  lymphatic  varices  similar  to  those  already  cited  are 
described  by  Manson,^  Ewald,^  and  Young.*  In  Manson^s  case  the 
terminal  two  or  three  inches  of  the  thoracic  duct  were  entirely  oc- 
cluded, but  below  this  level  the  lumen  was  patent,  though  occupied 
by  a  firm  thrombus.  The  patient  of  Young  suffered  with  a  lymphatic 
varix  of  the  scrotum,  upon  which  two  unsuccessful  operations  were 
performed.  Projecting  tumors  of  a  similar  nature  were  present  in 
both  groins.  At  autopsy  a  huge  mass  of  dilated  varicose  lymphatics 
was  found  in  front  and  on  either  side  of  the  lumbar  vertebrae  and  ex- 
tended into  the  pelvis  behind  the  bladder;  prolongations  extended 
into  the  scrotum  and  projected  in  the  groins.  The  thoracic  duct  was 
greatly  dilated  and,  as  Young  believed,  occluded  only  at  its  orifice. 
Filarise  had  been  repeatedly  found  during  the  night,  and  three  adult 
filariic  were  obtained  from  the  varix  of  the  left  groin,  while  seven 
were  present  in  the  lymphatics  of  the  right  spermatic  cord.  The 
case  resembles  very  closely  that  described  in  the  present  paper. 

In  the  cases  cited,  lymphatic  vessels  within  the  abdomen,  in  front  of 
the  vertebral  column,  have  been  transformed  into  an  immense  varicose 
tumor.     The  thoracic  duct  continuous  with  this  tumor  mass  has  been 


^  Vlrohow's  Arch.,  1888,  Ixxxlx.  p.  865. 

*  Davidson's  HygleDe  and  Diseaaes  of  Warm  Climates,  p.  814. 

•  Deutach  kUn.  Wochenschr.,  1888,  p.  624.  *  British  Medical  Journal,  1897, 1.  p.  1037. 
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greatly  dilated,  and  in  several  instances  its  terminal  part  has  been 
occluded.  The  presence  of  this  lymphatic  varix,  from  which  extensions 
lie  in  contact  with  the  wall  of  the  bladder  and  pass  through  the  in- 
guinal canal  into  the  scrotum  and  under  Poupart's  ligament  into  the 
groin,  explain  the  clinical  manifestations  of  filarial  infection.  The 
inguinal  masses  (Manson's  so-called  ^'  varicose  groin  glands ")  form 
part  of  an  extensive  varix,  and  may  readily  be  mistaken  for  femoral 
hernise.  A  similar  extension  into  the  scrotum,  associated  perhaps 
with  rupture  of  thinned  and  dilated  lymphatics  into  the  tunica  vagin- 
alis, gives  rise  to  the  condition  known  as  nevoid  elephantiasis  of  the 
scrotum,  lymph  scrotum,  or  chylocele.  The  case  of  Havelburg  seems 
to  show  that  chyluria  may  be  the  result  of  actual  rupture  of  dilated 
lymphatic  vessels  into  the  bladder. 

Recorded  cases  of  filarial  varix  do  not  afford  a  satisfactory  explana- 
tion of  its  pathogenesis.  Mackenzie,  Manson,  and  Young  regard 
occlusion  of  the  thoracic  duct  as  an  essential  factor  in  its  production. 
Manson  suggests  that  this  may  occur  as  the  result  of  mechanical  plug- 
ging by  a  bunch  of  intertwined  parent  filariae  or  as  a  consequence  of 
inflammatory  changes  produced  by  the  presence  of  filarite  in  the 
lymphatic  vessels.  This  explanation  does  not  accord  with  a  number 
of  observed  facts.  Ligation  of  the  thoracic  duct  in  animals  is  not  fol- 
lowed by  the  formation  of  lymphatic  varices.  In  cases  reported  by 
Martin,*  Renvers,^  and  Ormered'  the  thoracic  duct  was  occluded  by 
thrombosis  or  by  thrombosis  and  partial  obliteration  of  the  left  in- 
nominate and  subclavian  veins ;  there  were  chylous  ascites  and  mod- 
erate dilatation  of  the  abdominal  lymphatics,  but  nothing  resembling 
the  filarial  varices  described.  On  the  other  hand,  in  the  case  de- 
scribed by  Bryk*  an  extensive  varicose  condition  of  the  abdominal 
lymphatics  and  of  the  lymphatics  of  the  arms  and  legs  as  well  was 
caused  by  a  small  tumor  in  the  posterior  mediastinum  pressing  upon 
the  thoracic  duct,  but  the  condition  did  not  resemble  that  which  has 
been  associated  with  filaria. 

What  part  the  right  thoracic  duct  takes  in  the  establishment  of 
collateral  circulation  has  not  been  shown.  No  dilatation  of  this 
channel  has  been  noted  in  any  of  the  cases  mentioned. 

1  cited  by  Dawson,  "  Obstruction  of  the  Thoracic  Duct  or  its  VenouB  Outlet.*'    Twentieih 
Centur>'  Practice  of  Medicine,  New  York,  1895,  vol.  Iv.  p.  645. 
s  Ibid.  3  Ibid.  4  Ibid. 
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A  condition  which  has  received  little  attention  is  well  illustrated 
in  the  present  case.  The  lymphatic  vessels  throughout  the  varix  are 
filled  not  with  lymph  but  with  blood.  The  case  of  Mackenzie  was 
one  of  hematochyluria.  In  Ewald's  case  the  dilated  lymphatics  con- 
tained bluish-red  clots.  The  suggestion  of  Manson  that  red  blood- 
corpuscles  are  formed  within  the  obstructed  lymphatics  is  not  sup- 
ported by  any  evidence.  The  presence  of  blood  within  the  dilated 
vessels  suggests  a  regurgitation  at  some  point  of  communication 
between  the  venous  and  lymphatic  systems.  Should  the  presence 
of  adult  filariie  bring  about  some  change  by  which  either  temporary 
or  permanent  regurgitation  might  occur  the  production  of  extensive 
varicosity  would  resemble  that  which  follows  a  fistulous  communica- 
tion between  an  artery  and  a  vein.  It  is  very  improbable  that  arti- 
ficial communications  between  the  vascular  and  lymphatic  systems  are 
ever  produced  by  filarise.  It  is  not  inconceivable^  however,  that  the 
presence  of  the  adult  parasite  might  produce  alterations  of  the  valves 
at  the  orifice  of  the  thoracic  duct.  The  formation  of  a  varix  and  the 
presence  of  blood  throughout  it  are  not  explained  by  mere  occlusion 
of  the  duct;  the  facts  at  our  disposal  do  not  furnish  an  adequate 
explanation  of  these  conditions. 

Repeated  febrile  attacks  often  associated  with  evident  lymphangitis 
form  an  important  clinical  feature  of  filarial  varix  and  its  various 
manifestations.  In  the  present  case  a  fatal  termination  followed 
acute  fibrino-purulent  peritonitis  and  pleurisy,  and  the  entire  varix 
was  the  seat  of  acute  lymphangitis.  The  left  pleural  cavity,  which, 
unlike  the  right,  was  not  in  immediate  contact  with  the  varicose 
thoracic  duct,  escaped.  Both  tunicse  vaginales  were  the  seat  of 
fibrino-purulent  inflammation  resembling  that  of  the  peritoneum  and 
pleura.  Bacteriologic  examination  demonstrated  the  presence  of 
diplococcus  lanceolatus  within  the  varix  and  upon  the  inflamed 
serous  surfaces.  The  mass  of  dilated  lymphatics  not  improbably 
represents  a  point  of  least  resistance  and  exposes  the  infected  indi- 
vidual to  the  constant  danger  of  secondary  bacterial  invasion.  The 
suggestion  of  Manson,  that  death  of  the  parent  worm  is  a  source  of 
inflammation,  seems  improbable. 

The  constant  presence  of  a  peculiar  species  of  parasite  and  its 
relation  to  the  associated  lesion  leave  little  doubt  concerning  the 
etiology   of    lymphatic   varices   and    the    accompanying   conditions 
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already  considered.  The  relationship  of  filaria  to  the  wide-spread 
tropic  disease,  endemic  elephantiasis  or  elephantiasis  Arabum,  main- 
tained by  Manson  and  other  writers,  has  not  been  so  clearly  estab- 
lished. In  this  disease  repeated  attacks  of  fever  accompanying  local- 
ized inflammatory  edema  are  followed  by  a  progressive  hypertrophy 
of  the  cutaneous  and  subcutaneous  fibrous  tissue  and  in  less  degree  of 
the  intermuscular  areolar  septa.  The  new-formed  tissue  is  dense  and 
fibrous  and  contains  numerous  distended  lymphatic  vessels.  Some 
writers,  for  example  Hebra,*  in  his  monograph  on  elephantiasis,  do 
not  distinguish  between  true  elephantiasis  and  hypertrophies  dae  to 
the  presence  of  lymphatic  varices.  So-called  nevoid  elephantiasis  or 
lymphatic  varix  of  the  scrotum  is,  for  the  reasons  already  discussed, 
doubtless  caused  by  Filaria  bancrofti.  Manson  summarizes  as  follows 
the  facts  which  he  believes  show  a  causal  relationship  of  the  same  para- 
site to  true  elephantiasis :  (1)  The  geographic  distribution  of  Filaria 
nocturna  and  elephantiasis  Arabum  correspond.  (2)  Filarial  varix  and 
elephantiasis  frequently  co-exist  in  the  same  district  and,  indeed,  in 
the  same  individual.  (3)  Lymphatic  varix  of  the  scrotum  often 
terminates  in  elephantiasis,  while  (4)  elephantiasis  of  the  leg  has 
been  observed  to  follow  removal  of  a  scrotal  varix.  (5)  Both 
lymphatic  varix,  which  is  undoubtedly  caused  by  Filaria  bancrofti 
(Filaria  nocturna),  and  elephantiasis  are  diseases  of  the  lymphatics, 
and  (6)  are  accompanied  by  the  same  type  of  recurrent  lymphangitis. 

Nevertheless,  embryo  filariae  are  not  necessarily  found  in  the  blood 
of  those  suffering  of  elephantiasis,  and,  indeed,  Manson  states,  are  less 
frequently  present  in  the  blood  of  such  individuals  than  in  unaffected 
natives  of  the  some  district.  Manson  has  advanced  the  hypothesis 
that  the  lymphatics  of  the  part  are  plugged  by  ova  which  have  es- 
caped from  the  parent  worm  before  their  complete  development  into 
slender  worm-like  embryos.  This  suggestion  of  filarial  abortion,  as  he 
designates  the  process,  is  not  supported  by  any  direct  evidence.  He 
recognizes  the  fact  that  simple  plugging  of  the  lymphatics  is  not  suffi- 
cient to  produce  inflammatory  hypertrophy  of  the  fibrous  tissue,  but 
thinks  that  recurring  erysipelatoid  inflammation  in  the  congested  area 
is  an  essential  factor  in  the  production  of  the  disease. 

Manson  has  suggested  that  the  papular  and  pustular  disease  of  the 
skin  known  as  craw-craw,  occurring  on  the  west  coast  of  Africa,  is 

»  Wiener  KUnlk,  1885,  xl.  p.  217. 
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caused  by  the  parasite  which  he  designates  Filaria  sanguinis  hominis 
perstans.  Though  O'Neil,  who  first  described  the  condition,  found 
a  filaria-like  worm  in  the  pustules,  the  parasite  has  never  been  identi- 
fied with  any  since  discovered. 

Manson  found  his  Filaria  sanguinis  hominis  perstans  in  three  cases 
of  "sleeping  sickness''  from  the  Congo^  and  suggested  an  etiologic 
relationship.  As  he  points  out,  the  prevalence  of  filarial  infection  in 
the  locality  makes  an  accidental  association  of  the  two  conditions  not 
improbable  in  these  cases.  Filariae  doubtless  cause  various  forms  of 
lymphatic  varix,  chyluria,  and  chylous  hydrocele,  but  their  further 
pathologic  significance  has  not  been  established. 
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{From  ike  Pathologic  Laboratory  of  the  University  of  Pennsylvania.) 


In  a  previous  paper  one  of  us  (Flexner*)  described,  in  some 
detail,  the  results  of  the  injection  into  the  pancreas,  either  through 
the  duct  of  Wirsung  or  directly  into  the  parenchyma,  of  various 
substances  of  an  irritating  or  injurious  nature.  It  was  shown  thjit 
a  considerable  number  of  substances — artificial  gastric  juice, formalin, 
solutions  of  ciiustic  alkalies,  suspensions  of  pathogenic  bacteria— are 
capable,  under  these  circumstances,  of  provoking  in  the  dog  severe 
and  often  rapidly  fatal  forms  of  pancreatitis. 

The  chief  variety  of  pancreatitis  met  with  was  the  hemorrhagic, 
which,  running  an  acutely  fatal  course,  associated  with  glycosuria, 
was  attended  with  extensive  peritoneal  fat  necrosis.  The  gross 
morbid  appearances  closely  reproduced  those  found  in  human  beings 
the  victims  of  hemorrhagic  pancreatitis. 

Not  all  the  experiments  terminated  fatally  within  a  brief  time. 
Some  animals  lived  for  several  days,  when  the  character  of  the 
pathologic  condition  might  be  altered,  as,  for  example,  in  the  seijues- 
tration  of  portions  of  the  injured  organ.  When  death  was  delayed 
for  sevenil  weeks,  cysts,  abscesses,  and  partial  scleroses  of  the  organ 
were  encountered. 

*  •'  Experimental  Pancreatitis,"  rontributions  to  the  Science  of  Medicine,  Dedicated  by  hi* 
Pupils  to  William  Henry  Welch,  upon  the  Twenty-flflh  Anniv^ersary  of  his  Doctorate,  Balil- 
more,  1899,  and  University  Meilical  Magazine,  Philadelphia,  January,  1901. 
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The  conclusions  which  were  arrived  at  may  be  summarized  as 
follows :  "  Experimental  work  upon  pancreatitis  has  thrown  light 
at  least  upon  t^vo  forms  of  the  disease  occurring  in  human  beings, 
namely,  the  suppurative  and  the  necrotizing  varieties.  It  is  prob- 
able, also,  that  in  this  way  we  have  gained  additional  information 
>about  the  chronic  indurative  forms  of  pancreatitis,  since  it  has  been 
found  that  that  condition  seems  to  follow  any  of  the  procedures 
which  are  capable  of  setting  up  pancreatitis  Avithout  leading  to  the 
immediate  death  of  the  animal.  What  is  most  needed  is  more  light 
on  hemorrhagic  pancreatitis,  and  more  especially  is  it  necessary  to 
determine  whether  or  not  inflammatory  changes  precede  hemor- 
rhage, or  whether  the  hemorrhage  is  the  cause  of  the  inflammation  ; 
or  whether,  again,  they  are  independent  afifections  which  are  merely 
frequently  coincident. 

"  The  results  of  the  experiments  which  have  been  given  lead  to 
the  conviction  that  (1)  hemorrhage  j:>er  se  is  a  common  condition  in 
all  forms  of  pancreatitis ;  (2)  when  it  is  excessive  it  dominates  the 
process ;  (3)  it  is  usually  more  pronounced  than  the  inflammatory 
lesions,  and  the  two  conditions  may  be  separate  and  distinct  in  the 
same  organ  or  parts  of  the  organ.^' 

The  series  of  experiments  to  be  reported  in  this  place  is  intended 
to  be  a  further  contribution  to  the  pathology  of  pancreatitis,  and  to 
bear  especially  upon  the  manner  and  progress,  in  time  and  sequence, 
of  the  degenerative  injury  and  the  inflammatory  reaction.  The 
effects  of  blood  and  blood-serum  when  brought  into  intimate  rela- 
tion with  the  secreting  structures  of  the  pancreas,  without  further 
injury  to  the  organ,  will  be  described,  and  the  influence  of  the  spleen 
upon  the  development  of  the  complete  picture  of  acute  pancreatitis 
considered. 

The  histologic  changes  will  be  dealt  with  in  some  detail,  and 
the  association  of  glyc<3suria  with  traumatism  and  inflammation  of 
the  pancreas  briefly  mentioned.  In  order  to  secure  comparison  two 
experiments,  following  Opie's^  demonstrations,  have  been  made  with 
injections  of  bile,  and  these  will  also  be  described. 

Series  I.  Acid  injeeiions.  This  series  is  a  repetition  of  a  pre- 
vious series  given  in  the  former  paper.     The  injection  of  1  per  cent. 

^  "The  Etiology  of  Acute  Hemorrhagic  Pancreatitis,"  Bulletin  of  the  Johns  Hopkins  Hos- 
pital, 1801,  vol.  xil.  p.  182. 


350  FLBXNER    AND    P£ARCE, 

solutions  of  hydrochloric  acid  were  made  into  the  duct  in  (quantities 
varying  from  5  to  10  c.c.  The  immediate  effect  was  edema  of  the 
body  and  tail  of  the  pancreas  with,  later,  the  appearance  of  coagula- 
tion (pallor  and  opacity)  in  the  organ.  The  latter  effect  is  pnxluced 
in  five  to  ten  minutes.  Punctiform  hemorrhages  may  also  appear 
quickly,  as  in  Experiment  Xo.  2,  in  which  they  occurred  within  thirty 
minutes.  This  experiment  will  be  detailed  as  an  example  of  this 
series. 

The  average  duration  of  life  in  this  series  varied  (excluding  Ex- 
periments Xos.  5  and  0,  to  be  mentioned  again)  from  seventeen  to 
twenty-three  hours.  In  Experiments  Nos.  1  and  2  the  animals 
were  chloroformed,  as  they  were  dying,  and  it  was  desired  to  secure 
fresh  tissues.     Six  experiments  in  all  compose  this  series. 

Experiment  Xo,  2.  Operation  consisted  of  opening  the  duodenum 
and  injecting  5  c.c.  10  per  cent.  HCl  into  the  duct  of  Wipsung.* 
Ijarge,  well-nourished  dog.  Morphin  and  ether  anesthesia.  Ex- 
periment completed  November  13,  1900,  3  p.m.  Injection  entered 
splenic  end  of  pancreas ;  the  organ  became  at  once  edematous  and 
very  soon  showed  vellowish-white  patches.  Before  the  intestine 
could  be  closed  hemorrhages  began  to  appear  in  the  injected  area, 
the  time  since  the  injection  being  one-half  hour  or  less.  Chloro- 
formed twenty-three  hours  later.  The  site  of  operation  appeared  as 
at  its  conclusion.  The  skin  was  dissected  back  and  the  muscular 
and  peritoneal  tissues  dissected  away  so  as  to  include  the  silver-wire 
sutures  and  a  large  pad  of  fat  within  the  abdominal  cavity,  attached 
to  the  anterior  abdominal  peritoneum.  This  mass  presented  ex- 
quisite circumscribed  .fat  necroses,  surrounded  by  zones  of  hemor- 
rhage. Within  the  peritoneal  cavity  were  about  50  c.c.  of  bloody 
fluid,  but  the  serosa  was  smooth  and  glistening.  The  omentiun  was 
perfectly  spread  over  the  intestines  and  showed,  in  the  fat  along  the 
thicker  fibrous  bands  carrying  vessels,  etc.,  numerous  small  necmses. 
The  pancrciis  was  covered  by  the  omentum,  but  could  at  once  be 
made  out  to  be  smaller  and  hemorrhagic.  The  gland  proved  to  he 
enveloped  in  serai-fluid  dark  blood.  On  incising  the  organ  it  was 
found  dark  and  sodden.  Only  in  a  few  places  could  paler,  less 
altered  pancreatic  tissue  be  found,  the  largest  focus  of  this  nature 

>  Flexner.  op.  cit.,  p.  752. 
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solutions  of  hydrochloric  acid  were  made  into  the  duct  in  quantities 
varying  from  5  to  10  c.c.  The  immediate  effect  was  edema  of  the 
body  and  tail  of  the  pancreas  with,  later,  the  appearance  of  coagula- 
tion (pallor  and  opacity)  in  the  organ.  The  latter  effect  is  produ<«d 
in  five  to  ten  minutes.  Punctiform  hemorrhages  may  also  appear 
quickly,  as  in  Experiment  No.  2,  in  which  they  occurred  within  thirt}' 
minutes.  This  experiment  will  be  detailed  as  an  example  of  this 
series. 

The  average  duration  of  life  in  this  series  varied  (excluding  Ex- 
periments Xos.  5  and  6,  to  be  mentioned  again)  from  seventeen  to 
twenty-three  hours.  In  Experiments  Nos.  1  and  2  the  animals 
were  chloroformed,  as  they  were  dying,  and  it  was  desired  to  secure 
fresh  tissues.     Six  experiments  in  all  compose  this  series. 

Experiment  Xo.  2.  Operation  consisted  of  opening  the  duodenum 
and  injecting  5  c.c.  10  per  cent.  HCl  into  the  duct  of  Wirsung.* 
Large,  well-nourished  dog.  Morphin  and  ether  anesthesia.  Ex- 
periment completed  November  13,  1900,  3  p.m.  Injection  entered 
splenic  end  of  pancreas ;  the  organ  became  at  once  edematouis  and 
very  soon  showed  yellowish-white  patches.  Before  the  inte^^tine 
could  be  closed  hemorrhages  began  to  appear  in  the  injected  area, 
the  time  since  the  injection  being  one-half  hour  or  less.  Chloro- 
formed twenty-three  hours  later.  The  site  of  operation  appeared  as 
at  its  conclusion.  The  skin  was  dissected  back  and  the  muscular 
and  peritoneal  tissues  dissected  away  so  as  to  include  the  silver-wire 
sutures  and  a  large  pad  of  fat  within  the  abdominal  cavity,  attached 
to  the  anterior  abdominal  peritoneum.  This  mass  presented  ex- 
quisite circumscribed  fat  necroses,  surrounded  by  zones  of  hemor- 
rhage. Within  the  peritoneal  ciivity  were  about  50  c.c.  of  bloody 
fluid,  but  the  serosa  was  smooth  and  glistening.  The  omentiun  \vas 
perfectly  spread  over  the  intestines  and  showed,  in  the  fat  along  the 
thicker  fibrous  bands  carrying  vessels,  etc.,  numerous  small  necroses. 
The  pancreas  was  covered  by  the  omentum,  but  could  at  once  be 
made  out  to  be  smaller  and  hemorrhagic.  The  gland  proved  to  l)e 
enveloped  in  semi-fluid  dark  blood.  On  incising  the  organ  it  \^-as 
found  dark  and  sodden.  Only  in  a  few  places  could  paler,  less 
altered  pancreatic  tissue  be  found,  the  largest  focus  of  this  nature 

»  Flexner.  op.  cit.,  p.  753. 


350  FLEXNER    AND    PEARCE, 

solutions  of  hydrochloric  acid  were  made  into  the  duct  in  (|iiantities 
varying  from  5  to  10  c.c.  The  immediate  effect  was  edema  of  the 
body  and  tail  of  the  pancreas  with,  later,  the  appearance  of  coagula- 
tion (pallor  and  opacity)  in  the  organ.  The  latter  effect  is  produced 
in  five  to  ten  minutes.  Punctiform  hemorrhages  may  also  appear 
quickly,  as  in  Experiment  Xo.  2,  in  which  they  occurred  within  tliirt\' 
minutes.  This  experiment  will  be  detailed  as  an  example  of  this 
series. 

The  average  duration  of  life  in  this  series  varied  (excluding  Ex- 
periments Xos.  5  and  6,  to  be  mentioned  again)  from  seventeen  to 
twenty-three  hours.  In  Experiments  Nos.  1  and  2  the  animals 
were  chloroformed,  as  they  were  dying,  and  it  was  desired  to  secure 
fresh  tissues.     Six  experiments  in  all  compose  this  series. 

Experiment  Xo.  2.  Operation  consisted  of  opening  the  duodenum 
and  injecting  o  c.c.  10  per  cent.  HCl  into  the  duct  of  Wirsung.^ 
Large,  well-nourished  dog.  Morphin  and  ether  anesthesia.  Ex- 
periment completed  November  13,  1900,  3  p.m.  Injection  entered 
splenic  end  of  pancreas ;  the  organ  became  at  once  edematous  and 
verv  soon  showed  vellowish-w^hite  patches.  Before  the  intestine 
could  be  closed  hemorrhages  began  to  appear  in  the  injected  area, 
the  time  since  the  injection  being  one-half  hour  or  less.  Chloro- 
formed twenty-three  hours  later.  The  site  of  operation  appeared  as 
at  its  conclusion.  The  skin  was  dissected  back  and  the  muscular 
and  peritoneal  tissues  dissected  away  so  as  to  include  the  silver-wire 
sutures  and  a  large  pad  of  fat  within  the  abdominal  cavity,  attached 
to  the  anterior  abdominal  peritoneum.  This  mass  presented  ex- 
quisite circumscribed  fat  necroses,  surrounded  by  zones  of  hemor- 
rhage. Within  the  peritoneal  ciivity  were  about  50  c.c.  of  bloody 
fluid,  but  the  serosa  was  smooth  and  glistening.  The  omentum  ^vas 
perfectly  spread  over  the  intestines  and  showed,  in  the  fat  along  the 
thicker  fibrous  bands  carrying  vessels,  etc.,  numerous  small  necroses. 
The  pancreas  was  covered  by  the  omentum,  but  could  at  once  be 
made  out  to  be  smaller  and  hemorrhagic.  The  gland  proved  to  l>e 
enveloped  in  semi-fluid  dark  blood.  On  incising  the  organ  it  >\*as 
found  dark  and  sodden.  Only  in  a  few  places  could  paler,  less 
altered  pancreatic  tissue  be  found,  the  largest  focus  of  this  nature 

»  Flexner,  op.  cit,  p.  752. 
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being  the  head  in  the  mesentery  next  the  duodenum.  The  hemor- 
rhage extends  into  the  adipose  tissue  in  the  mesentery  about  the 
duodenum  and  into  the  adjacent  mesentery.  Fat  necroses,  some 
small  and  others  large  (3x6  mm.),  occurred  in  the  adjacent  fat. 
The  fat  necroses  give  the  reaction  for  steopsin. 

The  dogs  in  Experiments  Nos.  5  and  6  were  operated  on  Decem- 
ber 19,  1900,  and  chloroformed  January  8th  and  7th  respectively. 
Each  received  3  c.c.  of  the  acid  solution  into  the  duct.  No.  5  when 
opened  showed  old  fibrous  adhesions  between  pancreas,  omentum, 
and  liver.  The  mid-portion  of  the  pancreas  was  atrophied  and  firm, 
and  the  whole  organ  appeared  small  in  size.  The  peritoneum  was 
clear.  The  splenic  end  of  the  pancreas  of  No.  6  was  contracted  to 
the  size  of  a  bean.  On  incising  this  node  it  contained,  in  its  center, 
a  small  cyst  with  semi-fluid,  clear,  yellowish  contents.  The  duode- 
nal end  of  the  organ  was  free  and  apparently  normal. 

Hldoloffh  Examination.  The  description  of  the  changes  in  the 
acutely  lethal  cases  of  this  series  given  in  the  first  paper^  needs  very 
few  additions  to  make  it  complete.  The  three  processes,  hemor- 
rhage, necrosis,  and  inflammation,  are  intimately  associated.  Usu- 
ally the  hemorrhage  is  more  extensive  than  the  other  phenomena, 
and  often  precedes  them,  or  is  present  in  parts  of  the  tissue,  causing 
swelling  of  the  interstitial  and  interacinous  connective  tissues,  and 
even  total  disintegration  of  the  acini,  without  reaction.  The  disinte- 
gration may  be  complete,  the  extensively  separated  glandular  cells 
being  scattered  irregularly  among  the  red  corpuscles.  Frequently, 
however,  the  hemorrhage  is  accompanied  by  inflammatory  reaction 
in  the  form  of  emigrated  leukocytes,  fibrin,  etc.  Again,  in  certain 
septa  an  inflammatory  edema  without  hemorrhage  is  the  chief  lesion, 
and  degeneration  of  the  glandular  substance  may  also  be  wanting. 
In  these  edematous  foci  much  fibrin  occurs.  As  completing  the 
possibility  of  separate  occurrence  of  the  several  processes  may  be 
mentioned  extensive  hyaline  necrosis  of  the  centers  (especially)  of 
the  acini  without,  in  some  cases,  any  immediate  reaction.  Near  by 
reaction  may  be  present  in  the  interstitial  tissue  or  even  around 
glandular  degenerations. 

The  glandular  degenerations  take  place  in  two  ways — either  by 

•^  Op.  Cit.,  p.  761. 
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direct  action  of  the  irritant  upon  the  acini  at  the  end  of  the  ducts, 
or  by  diffusion  from  the  interlobular  connective  tissues  along  the 
edges  of  the  acini.  The  degenerations  are  almost  without  exception 
of  the  hyaline  variety ;  onlv  rarelv  do  the  cells  show  excessive 
granulation  with  failure  of  nuclei  or  vacuolization.  The  hyaline 
cells  may  remain  in  connection  with  their  undegenerated  a^ssociates 
or  become  demarcated  from  them.  Very  soon  leukocytes  find  their 
way  into  their  midst.  The  hyaline  cells  sometimes  coalesce,  forming 
a  uniform,  homogeneous  substance,  with  here  and  tliere  a  nucleus 
of  the  polyform  type  visible. 

The  extent  of  the  hyaline  degeneration  is  subject  to  great  varia- 
tion. Single  cells,  portions  of  cells,  or  commonly  groups  of  cells 
tend  to  show  this  change,  while  again  whole  acini  or  lobules  undergo 
the  metamorphosis.  Demarcating  inflammation  about  the  larger  foci 
bring  about  the  production  of  so-called  necrotizing  pancreatitis.^ 

Isolation  of  lobules  may  also  result  from  hemorrhage  alone.  Thi? 
may  not  infrequently  be  seen  in  parts  of  the  gland  in  which  the 
escaj)e  of  blood  has  been  great.  The  island — frequently  a  lobule— 
of  pancreas  may  still  preserve  its  staining. 

The  epithelium  of  the  ducts  is  more  resistant  to  the  acid  than  the 
acinous  cells.  While  the  ducts  may  contain  many  blood-corpuscles, 
the  epithelium  may  be  quite  intact.  It  may.  however,  show  changes, 
such  as  coalescence  or  hyaline  desquamation,  but  this  is  uncommon. 

The  condition  of  the  bloodvessels  has  already  been  described.' 
As  stated,  thrombi  are  irregularly  present.  Rarely  a  large  vein 
^^•ill  be  occluded,  the  arteries  seem  not  to  suffer,  and  it  is  not  com- 
mon to  find  even  small  vessels  obliterated. 

The  connective  tissue  in  the  acute  cases  is  quiescent  or  only 
secondarily  affected. 

The  interlobular  and  ])eri-pancreatic  adipose  tissues  show  necroses. 
The  extent  of  reaction  about  them,  as  compared  with  that  about 
the  dead  pancreatic  substance,  is,  to  say  the  least,  remarkable, 
(ireat  masses  of  leukocytes  surround  the  dead  cells,  which  may  .^till 
show  fatty  acid  crystals.  What  is  striking  is  the  small  extent  to 
which  the  cells  enter  the  interior  of  the  dead  fat-cells — a  phenom- 
enon suggesting  negative  chemotaxis  of  strong  degree.     Upon  what 

1  Flexner,  op.  cit.,  p.  761.  •  «  Op.  cit.,  p.  762. 
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oonstitiient  this  depends  cannot  be  said.  That  the  dead  tissue  as 
a  whole  is  markedly  positively  chemotactic  is  shown  by  the  extent 
of  the  cellular  reaction,  the  free  center  being  in  strong  contrast,  as 
at  most  a  few  fragmented,  emigrated  cells  are  found  in  the  interior. 
This  marked  degree  of  inflammatory  reaction  about  fat  necroses 
may  explain,  in  part,  the  view  held  by  Balser,  Langerhans,  Seitz, 
and  E.  Fraenkel,  who  .regarded  them  as  leading  to  inflammation, 
hemorrhage,  and  necroses  of  the  gland,*  a  position  now  no  longer 
tenable. 

The  chronic  changes  present  considerable  interest.  They  were 
very  briefly  considered  in  the  first  paper,  and  merit  greater  atten- 
tion. Fortunately,  the  variety  of  experiments  now  performed  makes 
it  possible  to  add  to  the  former  description. 

Of  this  series  Case  No.  6  offers  the  greatest  value,  as  it  is  a  marked 
example  of  partial  chronic  (interstitial)  indurative  pancreatitis  of  the 
perilobular  type.  Considerable  portions  of  the  gland — especially  of 
the  duodenal  end  and  tail — have  escaped.  The  sclerosed  portion 
shows  an  overgrowth  of  connective  tissue  affecting  chiefly  the  inter- 
lobular tissue.  About  large  bloodvessels  and  ducts  the  tissue  is 
scar-like,  containing  masses  of  hematoidin  pigment  and  occasional 
groups  of  lymphoid  cells.  A  mild  cellular  accumulation  is  present 
about  the  vessels,  infiltrating  their  walls.  The  tissue  immediately 
about  the  acini  is  more  cellular,  the  cells  being  spindle-formed. 
The  acini  may  be  widely  separated,  and  the  connective  tissue  may 
penetrate  between  the  glandular  cells.  When  the  parenchymatous 
cells  are  closely  invested  by  fibrous  tissue  from  without  or  disin- 
tegrated from  the  growth  into  the  acini,  they  change  in  character, 
becoming  less  granular  and  clearer  and  reduced  in  size,  tlie  nuclei 
appear  large,  distinct,  and  vesicular,  changes  suggesting  those  taking 
place  in  the  atrophic  tubules  of  the  kidney  in  certain  chronic  forms 
of  Bright's  disease. 

The  islets  of  Langerhans  are  involved  only  secondarily  and  con- 
secutively to  the  disintegration  by  the  small  amount  of  fibrous  tissue 
ingrowth  into  the  glandular  acini. 

The  foregoing  series  of  experiments  represent  the  extremes  of 
effects  of  a  single  irritant  when  acting  intimately  upon  pancreatic 

1  See  Oser,  Die  Erkrankhungen  dee  Pancreas,  Nothnagel's  System,  Wien,  1898,  p.  339  et  seq. 
Am  Phys  23 
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tissue ;  and  it  suggests  that  in  human  beings  certain  otherwise 
unexplained  instances  of  chronic  pancreatitis  may  be  the  remote 
results  of  acute  destructive  lesions  of  the  pancreas  having  a  certain 
grade  of  severity. 

The  rapid  appearance  of  the  lesions  in  the  acutely  fatal  cases  and 
the  close  relationship  existing  between  parenchymatous  degeneration 
and  hemorrhage  suggested  studying  the  development  of  the  lesions. 
This  was  done  in  the  next  series  of  experiments. 

Series  II.  Acid  injections,  with  reinoval  of  portions  of  tissue  ai 
different  intervals.  In  order  to  determine  the  length  of  time  required 
for  the  development  of  the  lesions,  injections  of  1  per  cent.  HCl  were 
made,  usually  into  the  ducts,  and  portions  of  the  injected  oi^n 
were,  from  time  to  time,  excised.  The  procedures  in  this  series 
were  similar  to  the  preceding,  except  that  at  the  completion  of  the 
injection  a  solution  of  chloretone  was  introduced  into  the  peritoneum. 
The  sleep  which  quickly  followed  lasted  throughout  the  duration  of 
the  experiment,  at  the  end  of  which  the  animal  was  chloroformed. 
A  purse-string  suture  was  used  for  approximating  the  abdominal 
incision,  and  the  animal  was  kept  covered  with  cloths  to  keep  up 
the  normal  body -heat  during  the  experiment. 

Experiment  No,  11.  January  17,  1901.  Killed  one  hour  and 
twenty  minutes  after  injection  consisting  of  3  c.c.  1  per  cent.  HCl 
introduced  intraparenchyraatously.  Site  of  injection  swollen,  con- 
gested, and  boset  with  small  hemorrhages.  Other  parts  appear 
normal.     (Xo  chloretone  used  in  this  experiment.) 

Urinary  bladder  contains  urine ;  sugar  positive  by  fermentation 
and  Fehling's  tests. 

Experiment  No,  14.  Morphin,  ether,  and  chloretone  narcosis; 
2  per  cent.  HCl  solution  injected  into  parenchyma  of  pancreas. 
Pieces  removed  as  follows  :  After  thirty-five  minutes,  seventy  min- 
utes, two  hours  and  fifty  minutes,  and  five  and  a  half  hours.  Macro- 
scopic hemorrhages  were  visible  only  at  end  of  experiment. 

The  urine,  after  five  and  a  half  hours,  contained  sugar,  demon- 
strable by  copper  and  fermentation  tests. 

Experiment  No.  15.  Morphin,  ether,  and  chloretone  narcosis. 
Usual  operation  ;  1  per  cent.  HCl  into  duct.  Pieces  were  removed 
as  follows :  After  one  hour,  at  which  time  much  edema  and  a  few 
small  punctiform  hemorrhages  ;  two  hours,  great  swelling  and  edema 
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and  streaks  of  hemorrhage ;  four  hours,  edema  and  increase  in  hemor- 
rhages, the  latter  still  of  small  area ;  eight  hours,  edema  and  larger 
irregular  hemorrhages,  and  a  few  isolated  points  of  hemorrhage  in 
extremities  in  which  injection  had  not  penetrated  immediately. 

Fat  necrosis  already  visible  in  peritoneal  adipose  tissue. 

Much  sugar  in  urine  (copper  and  fermentation  tests). 

Histologic  Examination.  At  the  end  of  one  hour  (Experiment 
Xo.  14),  after  intraduct  injections,  the  pancreas  is  already  consid- 
erably affected.  The  first  eCFect  is,  of  course,  the  distention  of  the 
ducts  with  the  injected  fluid,  but  direct  injury  to  the  lining  epithe- 
Hum  of  the  large  ducts  does  not  appear  ;  from  these  the  fluid  flows 
biickward  into  the  smaller  interacinous  and  intra-acinous  ducts,  which 
show  generally  a  colloid  material  filling  their  liunina,  although  the 
epithelium  still  stains  distinctly.  From  the  ducts  the  fluid  seems  to 
pa&s  very  little  directly  into  the  acini  themselves,  but  rather  through 
the  walls  of  the  ducts  into  the  pericanalicular  and  interlobular  con- 
nective tissues.  In  these  locations  an  albuminous  and  fibrinogenous 
fluid  has  exuded  and  undergone  coagulation  and  precipitation.  One 
of  the  striking  effects  is  the  wide-spread  distention  of  the  capillaries 
and  the  alteration  in  form  of  the  red  corpuscles.  The  interacinous 
capillaries  and  capillaries  of  the  islands  of  Langerhans  are  turgidly 
swollen  and  the  red  blood-corpuscles  are  in  rouleaux.  Among  these 
white  cells  are  not  especially  abundant,  but  interacinous  and  intra- 
acinous  microscopic  hemorrhages  have  already  taken  place.  The 
medium-sized  interacinous  veins  show  distention,  red  corpuscles  in 
rouleaux,  and  increase  in  polymorphonuclear  cells.  The  white  cells, 
in  occasional  veins,  form  plugs,  which  do  not,  however,  completely 
occlude  the  vessel,  for  an  active  emigration  is  going  on.  Leuko- 
cytes can  be  seen  making  their  way  through  the  walls  and  entering 
the  adjacent  tissues.  Even  red  corpuscles  can  be  seen  engaged  in 
the  unruptured  vessel  walls,  as  well  as  just  outside.  There  are  no 
vascular  thrombi.  The  parenchymatous  cells  already  show  distinct 
changes.  Not  many  cells  are  affected,  but  occasional  small  islands 
of  acinous  cells  are  partially  or  completely  hyaline.  The  nuclei  are 
still  stainable  but  weak,  but  the  protoplasm  is  swollen  and  homoge- 
neous ;  and  polymorphonuclear  cells  have  begun  to  approach  them  areas 
or  actually  entered  the  altered  protoplasm ;  a  few  nuclear  fragments 
are  also  visible.    The  largest  hemorrhages,  quite  visible  to  the  naked 
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eye  in  sections,  are  in  the  interlobular  tissue  and  about  the  large 
veins,  which  latter  show  leukociftic  wandering  and  diapedesis  through 
unimptured  wall. 

Seventy  minutes  (Experiment  No.  14)  after  intraparenchymatous 
injection  the  changes  are  considerably  more  marked  than  in  the  pre- 
ceding specimen.  The  general  engorgement  is  less  striking  and  the 
hemorrhages,  on  account  of  the  needle-puncture,  not  perhaps  to  be 
relied  upon  ;  but  the  degeneration  of  parenchymatous  cells  is  far  in 
advance  of  the  other.  The  distribution  of  the  degeneration  is  inter- 
esting as  indicating  the  manner  of  diffusion  of  the  injection.  The 
hyaline  cells  are  often  the  outermost  layer  next  the  interlobular  con- 
nective tissue.  Larger  degenerated  foci  (consisting  of  one  or  more 
acini)  are  also  present.  Leukocytic  emigration,  as  would  be  ex- 
pected on  account  of  the  greater  degree  of  degeneration,  is  a  marked 
feature  and  gives  rise  to  small  islands  among  the  necrotic  cells.  There 
are  many  leukocytes  in  the  interstitial  edema. 

After  eighty  minutes  (Experiment  No.  11)  this  interstitial  cellular 
accumulation  begins  to  approach  purulent  infiltration. 

At  the  end  of  two  hours  and  fifty  minutes  (Experiment  No.  14) 
the  process  has  gained  some  in  intensity.  The  hyaline  foci  have 
increased  in  size  and  in  number.  The  cells  have  fused  more  or  less, 
the  nuclei  are  gone  or  very  pale,  leukocytes  are  wandering  through 
the  dead  cells  and  showing  greater  numbers  of  fragmented  nuclei. 
The  interstitial  hemorrhages  are  larger,  and  the  hyaline  material  in 
the  smaller  ducts  is  denser. 

A  specimen  taken  four  hours  after  the  injection  (Experiment  No. 
15)  shows  still  further  advance.  The  edema  is  extreme  and  has 
isolated  certain  lobules,  the  cells,  however,  still  staining  sharply ; 
but  the  necroses  are  very  large  and  numerous,  and  the  nuclear 
changes  are  striking.  In  some  areas  only  the  very  most  central 
cells  are  entirely  hyaline;  the  cells  about  are  swollen  and  show 
granulation  of  protoplasm.  The  nuclei  are  also  enlarged  and  less 
sharp  of  outline,  and  exhibit  an  unevenness  and  irregularity  of  dark 
blue  staining  in  contrast  to  the  sharp  normal  nuclear  appearance 
(precipitation  of  chromatin  substance).  Smaller  cells  appear  in  the 
angles  between  the  large  degenerated  ones,  and  show  the  same 
nuclear  changes.  Leukocytic  infiltration  is  very  marked,  and  white 
cells  also  begin  to  collect  on  the  surface  of  the  gland. 
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eye  in  sections,  are  in  the  interlobular  tissue  and  about  the  laige 
veins,  which  latter  show  leukocytic  wandering  and  diapedesis  through 
unruptured  wall. 

Seventy  minutes  (Experiment  No.  14)  after  intraparenchymatous 
injection  the  changes  are  considerably  more  marked  than  in  the  pre- 
ceding specimen.  The  general  engorgement  is  less  striking  and  the 
hemorrhages,  on  account  of  the  needle-puncture,  not  perhaps  to  be 
relied  upon  ;  but  the  degeneration  of  parenchymatous  cells  is  far  in 
advance  of  the  other.  The  distribution  of  the  degeneration  is  inter- 
esting as  indicating  the  manner  of  diffusion  of  the  injection.  The 
hyaline  cells  are  often  the  outermost  layer  next  the  interlobular  con- 
nective tissue.  Larger  degenerated  foci  (consisting  of  one  or  more 
acini)  are  also  present.  Leukocytic  emigration,  as  w^ould  be  ex- 
pected on  account  of  the  greater  degree  of  degeneration,  is  a  marked 
feature  and  gives  rise  to  small  islands  among  the  necrotic  cells.  There 
are  many  leukocytes  in  the  interstitial  edema. 

After  eighty  minutes  (Experiment  No.  11)  this  interstitial  cellular 
accumulation  begins  to  approach  purulent  infiltration. 

At  the  end  of  two  hours  and  fifty  minutes  (Experiment  No.  14) 
the  process  has  gained  some  in  intensity.  The  hyaline  foci  have 
increased  in  size  and  in  number.  The  cells  have  fused  more  or  less, 
the  nuclei  are  gone  or  very  pale,  leukoc}i:es  are  wandering  through 
the  dead  cells  and  showing  greater  numbers  of  fragmented  nuclei. 
The  interstitial  hemorrhages  are  larger,  and  the  hyaline  material  in 
the  snmller  ducts  is  denser. 

A  specimen  taken  four  hours  after  the  injection  (Experiment  No. 
15)  shows  still  further  advance.  The  edema  is  extreme  and  has 
isolated  certain  lobules,  the  cells,  however,  still  staining  sharply ; 
but  the  necroses  are  very  large  and  numerous,  and  the  nuclear 
changes  are  striking.  In  some  areas  only  the  very  most  central 
cells  are  entirely  hyaline;  the  cells  about  are  swollen  and  show 
granulation  of  protoplasm.  The  nuclei  are  also  enlarged  and  less 
sliarp  of  outline,  and  exhibit  an  unevenness  and  irregularity  of  dark 
blue  staining  in  contrast  to  the  sharp  normal  nuclear  appearance 
(precipitation  of  chromatin  substance).  Smaller  cells  appear  in  the 
angles  between  the  large  degenerated  ones,  and  sliow  the  same 
nuclear  changes.  Leukocytic  infiltration  is  very  marked,  and  white 
cells  also  begin  to  collect  on  the  surface  of  the  gland. 
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After  the  lapse  of  five  and  a  half  hours  (Experiment  No.  14) 
the  most  important  new  phenomenon  is  the  appearance  of  large 
numbers  of  large  mononuclear  cells  in  the  interstitial  tissue,  chiefly 
about  the  veins,  mingled  with  red  corpuscles  and  polymorphonuclear 
cells.  The  mononuclears  are  very  numerous.  That  they  come  from 
the  veins  is  easily  established  by  their  position  and  the  large  numbers 
to  be  seen  in  sections  of  the  vessels.  The  necrotic  and  degenerated 
cells  b^in  to  separate  from  one  another,  some  assuming  circular 
forms,  and  coincidently  the  leukocytic  infiltration  (chiefly  poly- 
morphonuclear and  slightly  mononuclear)  is  so  greatly  increased  as 
to  approach  the  appearance  of  an  abscess.  Parietal  thrombi  are  to 
be  made  out  in  some  medium-sized  veins.  Hemorrhage  has  in- 
creased considerably,  and  elevates  the  capsule  of  the  gland. 

The  final  specimens  of  this  series  are  eight  hours  old  (Experiment 
No.  15).  They  represent  the  pathologic  process  at  its  height,  although 
the  lesions  are  not  as  extensive  as  in  many  later  specimens.  But 
the  number  and  distribution  of  the  necrotic  lesions,  the  degree  of 
the  cellular  infiltration,  and  number,  size,  and  position  of  the 
hemorrhages  speak  for  great  intensity  of  damage.  To  what  has 
already  been  given  there  need  only  be  added  the  coincidence  of 
hyaline  necroses  and  hemorrhage  that  may  now  be  seen,  and  the 
free  hemorrhages  in  other  places  causing  complete  disintegration  of 
the  acinous  structures.  The  capsule  of  the  gland  is  covered  with  a 
considerable  fibrino-purulent  hemorrhagic  pseudomembrane.  The 
large  pancreatic  duct  in  the  section  shows  injury.  The  epithelium 
is  hyaline  and  desquamated,  and  the  wall  infiltrated  with  leuko- 
cytes.    Hemorrhage  has  also  taken  place  into  the  duct. 

The  peritoneal  fat  necroses  are  typical,  and  about  them  a  well- 
advanced  cellular  accumulation  may  be  noted.  While  there  is  no 
record  of  fat  necroses  occurring  so  quickly  as  in  this  instance,  we 
have  little  doubt  but  that  they  may  make  their  appearance  even 
earlier  than  eight  hours  after  injur}'  to  the  pancreas.  Especial 
attention  has  not  been  directed  to  the  elucidation  of  this  question. 

This  series  of  experiments  has  a  general  as  well  as  special  interest. 
The  rapidity  with  which  morphologic  changes  in  cells  may  be  made 
out  and  the  celerity  with  which  eraigrative  phenomena  in  vessels 
takes  place  in  warm-blooded  animals  is  well  illustrated  by  these  ex- 
amples.    That  degenerative,  inflammatory,  and  hemorrhagic  lesions 
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are  correlated  in  the  pancreas  may  now  be  considered  as  demon- 
strated. There  need  be  no  time  interval,  or  no  considerable  one, 
between  the  appearance  of  the  several  phenomena.  To  decide  upon 
the  effects  of  hemorrhage  upon  the  pancreas,  in  the  absence  of  other 
lesions,  the  next  experiments  must  be  consulted. 

Series  III.  Injection  of  defibrinated  blood.  In  order  to  deter- 
mine the  effects  of  sterile  blood  upon  the  pancreas  injections  of 
defibrinated  blood  were  made.  It  will  be  recalled  that  great  differ- 
ences of  opinion  have  existed  among  writers  upon  pancreatitis  and 
pancreatitic  hemorrhage  in  human  beings  as  to  the  precedence  and 
succession  of  hemorrhage  and  inflammation.  Hitherto  no  effort  has 
been  made  to  test  the  matter  experimentally  in  the  absence  of  the 
use  of  some  foreign  irritating  substance. 

Experitneiit  No.  16.  Twenty  c.c.  of  defibrinated  dog's  blood 
(obtained  from  second  animal  just  before  injection)  injected  into  the 
duct  of  Wirsung.  Dog  succumbed  thirty  minutes  after  injection. 
Death  attributed  to  anesthetic.  fWne  contained  sugar  by  Fehling's 
tests. 

Experiment  No.  17.  Injected,  May  30th,  10  a.m.,  10  c.c.  defibrin- 
ated blood  into  pancreatic  duct.  Dog  quickly  recovered  from  effects 
of  operation.     Chloroformed  June  4th,  11  a.m. 

Autopsy.  No  fluid  in  peritoneum  ;  serous  membrane  bright.  In 
the  mass  of  fat  beneath  ensiform  cartilage  several  small  necroses, 
surrounded  by  a  zone  of  hemorrhage.  The  perirenal,  peripancre- 
atic,  and  omental  fat  show  necroses. 

The  pancreas,  extending  from  the  splenic  extremity  to  the  descend- 
ing duodenal  portion  (site  of  blood  injection),  presents  a  reddish- 
brown  and  mottled  appearance  and  great  increase  in  consistence. 
The  descending  portion,  within  the  omentum,  appears  normal. 

Experiment  No.  19.  June  14,  1901,  10  a.m.  Same  experiment, 
except  that  the  defibrinated  blood  was  injected  into  the  parenchyma. 
Chloroformed  June  16th,  10.30  A.M.  Middle  portion  of  pancreas, 
in  which  one  injection  was  made,  appears  firmer  than  normal.  A 
few  fat  necroses.  Otherwise  the  peritoneal  cavity  and  organs  are 
in  normal  condition. 

Experiment  No.  20.  June  24th,  10  a.m.  Sixteen  c.c.  defibrinated 
blood  from  same  dog  injected  into  pancreatic  duct.  Chloroformed 
June  27th,  10  a.m.     The  dependent  portions  of  peritoneum  contain 
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ExpEtitMENT  Na  20.  [ntr*-acinsr  and  peri-caoaliculaT  Bclerous  of  pancrtaa 
roUowing  injection  of  deSbrinated  blood  iolo  the  duct  of  Wiraang  Puljinorpho- 
nuclear  leukocjles  and  fibroblasts  ar«  seen  deatroying  the  Dormal  glandular 
arrangement. 
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a ,  small  amount  of  cloudy  fluid,  and  the  liver  is  covered  by  a  thin 
film  of  fibrin.  The  intestinal  wound  has  suppurated,  and  the  adja- 
cent portion  of  the  pancreas  is  involved  in  the  purulent  infiltration. 
The  pancreas  is  faintly  mottled  with  reddish-brown  areas  of  discol- 
oration and  the  mid-portion  (injected  area)  is  firmer  than  normal. 
Duodenal  and  splenic  ends  appear  normal. 

Cover-slips  from  the  area  of  suppuration  showed  cocci  and  colon- 
like bacilli.     Urine  free  from  sugar. 

Histologic  Exami/tiation.  Experiment  No.  16  is  useful  only  to 
demonstrate  the  penetration  of  the  injection.  The  duodenal  end 
escapes  injection  from  the  duct  of  Wirsung.  The  mid-portion  is 
easily  and  the  splenic  end  less  easily  injected.  The  blood  passes 
through  the  larger  ducts  into  the  acini  and  is  distributed  in  spaces 
between  the  columns  of  cells.  The  corpuscles  can  be  traced  to  the 
islets  of  Langerhans,  which  they  often  surround  and  not  infrequently 
entevy  distributing  themselves  between  the  columns  of  cells.  The 
blood  also  passes  into  the  large  connective  tissue  septa.  Injected 
into  the  parenchyma  the  distribution  is  far  less  general. 

On  the  third  day  the  blood  has  disappeared  from  the  parenchyma 
(Experiment  No.  20).  The  organ  has  not  returned  to  the  normal, 
for  in  those  parts  in  which  the  blood  penetrated  new  tissue  is  devel- 
oping. It  is  not  a  general  new  growth,  but  affects  lobules  or  groups 
of  lobules.  Nor  is  the  growth  about  the  lobule ;  it  is  intralobular 
and  intra-acinous.  The  new  growth  takes  place  from  several  centers, 
apparently  in  the  main  from  the  ends  of  the  fine  interlobular  strands 
of  connective  tissue ;  but  the  investment  of  the  medium-sized  ducts 
also  supply  the  beginning.  It  first  appears  in  the  form  of  young 
cells  with  vesicular  nuclei,  among  which  a  small  number  of  irregular 
polymorphonuclear  cells  occur.  At  first  sight  the  appearance  may 
be  taken  for  new  islets  of  Langerhans,  but  it  is  soon  apparent  that 
the  areas  are  more  irregular,  have  a  different  distribution,  and  are 
composed  of  different  cells.  Even  at  this  time  occasional  lobules 
have  been  largely  substituted  by  a  cellular  connective  tissue  in  which 
many  fibers  are  already  to  be  seen.  Another  twenty-four  hours,  and 
the  new  tissue  has  progressed  considerably. 

Specimens  which  have  been  allowed  to  remain  five  days  (Experi- 
ment No.  17)  show  great  advance.  Whole  lobules  are  extensively 
destroyed,  islands  only  of  glandular  cells  remaining.     The  new 
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tissue  is  young,  cellular,  but  already  showing  fibers.  Along  the 
finer  interlobular  strands  linear  masses  of  small  fibroblasts  appear. 

The  islands  of  Langerhans  suffer  extensively  and  early.  ^VTien 
the  process  is  advanced — say  on  the  fifth  day — they  are  no  longer 
distinguishable  among  the  fibrous  growth. 

The  main  ducts  and  main  septa  of  connective  tissue  are  little 
altered. 

When  the  injection  has  been  made  into  the  parenchyma  (Experi- 
ment No.  19)  the  effect  is  less  marked  and  quite  different.  After 
forty-eight  hours  the  main  septa  still  show  the  presence  of  the  blood 
in  colored  and  decolorized  corpuscles ;  they  are  smaller,  and  new 
cells — fibroblasts  presumably — are  appearing  among  the  fibers  and 
about  the  large  vessels. 

The  fat  necroses  are  typical.  Those  five  days  old  show  advanced 
proliferative  substitution.^ 

The  injection  of  defibrinated  blood  into  the  duct  of  Wirsung  and 
its  penetration  into  the  interstices  of  the  parenchyma  of  the  pancreas 
do  not  suffice  to  set  up  acute  pancreatitis.  Such  injections  are 
quickly  followed  by  decolorization  and  disappearance  of  the  cor- 
puscles from  the  organ  and  the  occurrence  of  proliferative  actintv 
of  the  connective  tissues  about  and  within  the  acini.  This  prolif- 
erative process  quickly  gives  rise  to  a  new  growth  of  tissue  which 
takes  the  place  of  the  glandular  acini  and  islands  of  Langerhans. 
The  precise  mechanism  of  this  process  has  still  to  be  worked  out 
The  process  of  substitution  does  not  affect  the  whole  organ,  as  the 
blood  does  not  enter  the  descending  duodenal  extremity  of  the 
pancreas.  Nor  does  the  entire  mid-portion  or  tail  of  the  pancreas 
undergo  sclerosis.  As  far  as  it  has  been  followed  the  process  is 
nodular,  affectmg  islands  of  tissue  somewhat  separated  by  more 
normal  structure.  A  later  report  will  be  made  upon  some  of  the 
undetermined  aspects  of  the  subject. 

Upon  what  constituent  of  the  blood  these  effects  depend  remains 
to  be  determined.  The  next  experiment  may  serve  to  answer  this 
question. 

Series  IV.  Injection  of  bloodsenim,  Eosperimenl  No.  23.  July 
12th,  10  A.M.,  5  c.c.  of  blood-serum,  obtained  from  same  femoral 

1  Flexner.    Journal  of  Experimental  Medicine,  No.  4,  vol.  11.  p.  413. 
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artery  of  dog  one  hour  before,  injected  into  duct  of  Wirsung. 
Edema  over  mid-portion  of  pancreas.  Chloroformed  July  16th, 
12  M.  Pancreas  appears  normal.  No  fat  necrosis ;  no  sugar  in  the 
urine  by  Fehling's  test. 

Histologic  Examination.  Pieces  of  the  pancreas  taken  from  the 
duodenal,  splenic,  and  middle  portions  showed  no  alterations.  The 
parenchyma  and  interstitial  tissues  were  of  normal  appearance  and 
dimensions. 

Series  V.  Splenedomized  dogs.  Injection  of  axnd.  Katz  and 
Winkler*  noted  in  their  experiments  for  producing  fat  necroses  in 
dogs  that  the  spleen  was  small  and  firm.  Bearing  in  mind  Schiff^s^ 
and  HerzenV  experiments  on  the  influence  of  the  spleen  upon  the 
production  of  the  tryptic  ferment  of  the  pancreas,  they  conceived 
that  a  similar  connection  might  exist  with  the  fat-splitting  enzyme. 
They  extirpated  the  spleen  of  several  dogs  and  a  few  days  later 
constricted  the  pancreas  with  ligatures,  between  which  incisions 
into  the  organs  were  carried.  Fat  necroses  were  noted  only  to  a 
slight  degree,  whence  Katz  and  Winkler  conclude  that  in  the  de- 
velopment of  pathologic  conditions  an  interaction  very  probably 
exists  between  the  spleen  and  the  pancreas.  That  the  spleen  is  not 
essential  to  the  occurrence  of  pancreatitis  and  consequent  fat  necrosis 
the  following  experiments  tend  to  prove : 

Experiment  No.  7.  January  4th,  3  p.m.  Splenectomized  dog  by 
tying  off  the  bloodvessels  proceeding  to  and  from  the  spleen,  and 
removing  that  organ.  After  this  usual  operation  with  injection 
into  pancreatic  duct  of  1  per  cent.  HCl  solution.  Dog  died  during 
the  night.  Autopsy  January  5th.  Pancreas  greatly  swollen  and 
hemorrhagic.  Bloody  fluid  in  peritoneal  cavity.  Fat  necrosis  in 
peritoneal  fat  about  ensiform  caHilage  and  in  the  omental  and  mesen- 
teric fat. 

Experiment  No.  8.  January  4th,  4  p.m.  Same  as  Experiment 
No.  7.  Dog  died  during  night.  Pancreas  little  altered ;  a  few 
hemorrhagic  areas  in  the  substance.  Bloody  fluid  in  the  peri- 
toneum.    Necroses  present  in  peritoneal  fat. 

The  previous  experiments  show  that  in  recently  splenectomized 

1  Archly  f.  Vezdaanngskrenkhelten,  1898,  Bd.  iv.  p.  289. 

s  Schwelz.  Zeltficur.  f.  HeUkande,  1862,  p.  201. 

*  PflUger'8  Archly.  Bd.  xzx.  p.  295.  and  Bd.  Ixxxlv.  p.  126. 
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dogs  injury  inflicted  upon  the  pancreas  is  able  to  cause  pancreatitis 
and  fat  necrosis.  Assuming  the  view  expressed  by  Katz  and 
Winkler  to  be  improbable,  it  is  not  disproved  by  the  two  experi- 
ments related  in  that  the  time  relation  between  removal  of  the 
spleen  and  injury  to  the  pancreas  is  so  close  that  it  is  easily  possible 
for  the  hypothetical  substance  elaborated  by  the  spleen  to  be  still 
present  in  sufficient  amounts  to  act  upon  the  pancreatic  cells.  To 
obviate  this  factor  other  experiments  were  performed. 

Experivfient  Xo.  9.  January  8th,  2  p.m.,  dog  splenectomizeA 
The  animal  quickly  recovered  from  the  operation ;  no  ill  effects 
noted  from  absence  of  spleen.  January  17th,  2  p.m.,  usual  opera- 
tion; injected  12  c.c.  1  per  cent.  HCl  into  pancreatic  duct.  Dead 
January  18th,  about  6  o'clock.  The  entire  pancreas,  except  the  ex- 
treme duodenal  end,  is  dark  red  in  color  and  much  swollen.  Fat 
necroses  are  present  in  fat  beneath  the  abdominal  woundy  in  the 
omental  and  mesenteric  fai. 

Experiment  No.  10.  January  8th,  3  P.M.,  dog  splenectoraized. 
Second  operation  January  17th,  3  p.m.  Injected  12  c.c.  1  per  cent 
HCl  into  duct  of  Wirsung.  Death  January  18th,  12  m.  Pancreas 
intensely  hemorrhagic  and  much  swollen.  Fat  necrosis  present  m 
peritoneal  fats  in  several  parts.  The  urine  shows  presence  of  sugar 
to  Fehling's  and  fermentation  tests.  The  hemorrhagic  portion  of 
the  pancreas  has  been  invaded  by  gas-producing  bacilli,  which  have 
caused  small  gas-blebs  to  appear  over  the  surface.  Films  prepared 
from  this  part  show  bacilli  having  the  morphology  of  B.  aerogenes 
capsulatus. 

These  experiments,  and  especially  the  last  two,  may  be  taken  as 
excluding  the  spleen  from  any  necessary  participation  in  the  func- 
tions of  the  pancreas  associated  with  the  production  of  the  fat-split- 
ting ferment  in  so  far  as  the  liberation  of  the  steapsin  is  required 
for  the  causation  of  fat  necrosis. 

Histologic  Examination.  There  is  nothing  exceptional  in  these 
specimens.  They  show  typical  lesions  of  severe  grade  in  the 
pancreas,  and  pancreatic  and  parapancreatic  fat  necrosis  of  typical 
structure. 

Series  VI.  Injection  of  bile.  Experiment  No.  21.  June  24ti, 
11  A.M.,  injected  6  c.c.  bile  taken  from  gall-bladder  of  same  animal 
into  duct  of  Wirsung  of  dog.     Inmiediate  edema  and  bile-staining 
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of  middle  and  splenic  end  of  organ.  Animal  found  dead  8  a.m. 
June  25th  ;  partial  decomposition.  The  middle  portion  of  the  pan- 
creas is  dark  in  color  and  apparently  hemorrhagic ;  the  splenic  end 
is  dark,  reddish-brown  in  color,  and  the  duodenal  end  somewhat 
swollen.  Emphysematous  blebs  are  present  within  the  dark  por- 
tions of  the  organ.  Fat  necroses  are  numerous  in  the  peritoneal  fat. 
The  abdominal  cavity  contains  about  100  c.c.  of  blood-stained  fluid. 

Experiment  No.  22.  July  1st,  10  a.m.,  4  c.c.  of  bile  from  same 
dog  injected  into  duct  of  Wirsung.  Immediate  slight  staining  of 
mid-portion  of  organ.  Animal  found  dead  July  2d,  9  a.m.  Weather 
very  warm  and  decomposition  advanced.  The  splenic  extremity 
and  middle  portion  of  the  pancreas  are  firm  and  mottled  gray  and 
red.     Many  fat  necroses  in  the  peritoneal  fat. 

Histologic  Examination.  The  lesions  are  typical  of  hemorrhagic 
pancreatitis  and  fat  necrosis.  In  the  extent  and  distribution  of  the 
focal  hyaline  necroses  of  pancreatic  cells,  and  especially  in  the  ex- 
tent of  hemorrhage,  these  specimens  are  behind  those  of  equally 
acute  development  produced  by  HCl  injections.  On  the  other 
hand,  the  character  of  the  lesions  is  identical,  and  the  inflamma- 
tory vascular  reaction  pronounced.  The  bile  has  become  indistin- 
guishable among  the  other  constituents. 

Glycosuria.  A  few  words  will  suflice  in  dealing  with  this  condi- 
tion. It  was,  as  the  protocols  exhibit,  a  regular  attendant  of  the 
operative  pi*ocedures  upon  the  pancreas.  The  rapidity  of  its  occur- 
rence was  a  matter  of  some  surprise.  The  earliest  times  at  which 
tests  were  made  were  thirty  and  eighty  minutes  after  defibrinated 
blood  and  intraparenchymatous  injection  of  1  per  cent.  HCl  (Experi- 
ments Nos.  11  and  16  respectively)  and  sugar  were  found  in  the 
urines.  From  those  periods  on  it  was  commonly  found  in  animals 
succumbing  to  acute  lesions  of  the  pancreas.  The  percentages  of 
sugar  were  not  estimated.  If  the  injury  do  not  prove  fatal  within 
twenty-four  to  seventy-two  hours  the  animals  usually  survive  to 
develop  chronic  inflammations,  cysts,  and  abscesses  of  the  pancreas, 
to  which  they  do  not  usually  succumb.  In  such  animals  the  sugar 
persists  for  some  days  (Experiment  No.  5,  present  on  fifth  day,  but 
not  at  end  of  three  weeks  when  chloroformed)  and  then  disappears.^ 

^  See  protocols,  prevlouB  paper,  op.  cit.,  p.  752  et  seq. 
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The  glycosuria  in  all  these  cases  is  to  be  looked  upon  as  the  result 
of  direct  insult  inflicted  upon  the  pancreas  and  similar  to  other 
operative  glycosurias.  On  account  of  the  peculiar  relation  which 
the  pancreas  holds  to  the  carbohydrate  metabolism^  traumatic  gly- 
cosuria probably  attends  more  regularly  and  develops  more  quickly 
upon  injury  to  this  viscus  than  to  other  organs  of  the  body.  Ex- 
periments to  determine  the  ultimate  fate  of  animals  developing 
chronic  pancreatic  lesions  have  thus  far  not  been  made.  The  longest 
survivals  which  have  been  permitted  by  us  do  not  exceed  four  or 
five  weeks. 

Conclusions. 

1.  Pancreatitis  follows  upon  a  variety  of  insults  to  the  pancreas, 
and  is  capable  of  developing  with  great  rapidity.  The  introduction 
of  such  a  foreign  body  as  artificial  gastric  juice  into  the  pancreas 
gives  rise  to  degeneration,  hemorrhage,  and  emigration  of  leuko- 
cytes within  the  brief  space  of  one  to  two  hours. 

2.  Chronic  pancreatitis  may  represent  the  remote  result  of  acute 
destructive  lesions  of  the  pancreas  having  a  certain  grade  of  severity. 

3.  Perversion  of  normal  secretions  whereby  they  enter  the  pan- 
creas, as  illustrated  by  the  effects  of  gastric  juice  and  bile,  are 
efficient  causes  of  pancreatitis,  associated  with  hemorrhage  and  fat 
necrosis. 

4.  The  presence  of  blood  alone  in  the  tissues  of  the  pancreas  does 
not  set  up  an  acute  inflammation;  the  tendency  is  for  the  rapid 
production  of  a  chronic  proliferative  interacinar  and  intra-acinar 
pancreatitis. 

5.  The  effects  of  blood  are  not  produced  by  blood-serum  separated 
from  the  corpuscular  elements. 

6.  The  spleen  lias  no  influence  upon  the  development  of  paDCie- 
atitis  and  the  production  of  fat  necrosis. 

7.  Fat  necroses  attend  all  forms  of  pancreatitis,  and  are  more 
numerous  and  wide-spread  the  more  acutely  the  pancreatic  lesions 
develop.  They  may  appear  as  early  as  eight  hours  following  injury 
to  the  pancreas. 

8.  Glycosuria  appears  quickly  after  injury  to  the  pancreas ;  it  may 
persist  for  several  days  and  then  disappear,  although  the  pancreas  has 
suffered  permanent  partial  injury. 


LITHEMIC  OR  RECURRENT  CORYZA. 


By  B.  K.  RACHFORD,  M.D., 

OF  CINCINNATI,  OHIO. 


An  attack  of  lithemic  coryza  is  sudden  in  its  onset,  and  is  charac- 
terized by  intense  photophobia  and  hypersecretion  from  the  eyes  and 
nose.  The  profase  watery  discharge  from  the  nose  irritates  and 
causes  a  redness  and  swelling  of  the  lip,  over  which  it  is  discharged. 
The  tears  overflow  in  abundance,  and  the  eyes  are  red  and  swollen. 
Accompanying  this,  the  patient  is  in  a  state  of  extreme  nervous  irri- 
tability and  has  some  elevation  of  temperature.  These  symptoms 
continue  for  two  or  three  days  and  then  disappear  as  rapidly  as  they 
came.  The  child  within  a  few  days  is  quite  well,  and  may  continue 
so  for  a  variable  length  of  time,  when,  without  apparent  exciting 
cause,  a  similar  attack  recurs. 

In  illustration  of  this  symptom-group  I  present  the  following  case : 

A  girl,  nine  years  of  age,  whose  father  for  many  years  suffered  from  mi- 
graine; her  mother  died  from  diphtheria  when  she  was  but  a  few  weeks  old, 
and  since  that  time  the  child  has  been  under  the  care  of  a  painstaking  and 
intelligent  grandmother.  The  previous  history  of  this  patient  contains  no 
serious  illness ;  there  is,  however,  a  history  that  she  has  always  been  nervous 
and  subject  to  light  bilious  attacks  characterized  by  nausea  and  vomiting. 
From  the  grandmother  I  learned  that  the  child,  when  six  years  of  age,  com- 
menced to  have  attacks  of  intense  irritation  of  the  mucous  membranes  of  the 
nose  and  eyes,  from  which  she  has  suffered  at  intervals  ever  since.  My  first 
acquaintance  with  this  patient  was  made  during  one  of  these  attacks,  in 
January,  1899.  I  found  her  in  a  darkened  room,  suffering  so  intensely 
from  photophobia  that  I  could  not  let  sufficient  light  into  the  room  to  make 
a  satisfactory  examination.  The  child  was  in  a  state  of  extreme  nervous 
irritability,  which  added  to  the  difficulty  of  inspecting  the  case.  I  managed 
to  see,  however,  that  the  eyes  were  swollen,  that  the  nostrils  were  intensely 
irritated,  and  that  an  abundant  watery  secretion  was  running  from  both  eyes 
and  nose,  producing  considerable  irritation  of  the  lip  and  other  parts  over 
which  it  ran.    I  desisted  from  further  examination  to  obtain  from  the  grand- 


366  RACHFORD, 

mother  Bomething  more  definite  concerning  the  child's  medical  history.  I 
learned  that  she  had  been  taken  suddenly  ill  with  this  attack  about  noon  of 
the  previous  day.  She  at  once  complained  of  the  photophobia  and  nasal 
irritation  and  went  to  bed  in  a  darkened  room,  where  she  had  remained  up  to 
the  time  of  my  visit  at  5  p.m.  The  symptoms  at  this  time,  thirty  houns  after 
their  onset,  had  not  abated  the  least  in  severity.  I  learned  also  that  the 
many  similar  attacks  from  which  my  patient  had  suifered  lasted  on  the  aver- 
age two  or  three  days,  at  the  expiration  of  which  time  she  would  get  well 
as  quickly  as  she  became  ill.  All  pain,  irritation  and  hypersecretion  from 
the  eyes  and  nose  would  rapidly  subside,  so  that  within  a  few  days  the  child 
would  be  at  school  again,  apparently  as  well  as  before  the  attack.  In  the 
intervals  between  these  attacks  there  was  no  trouble  with  the  eyes  or  nose, 
and,  apart  from  being  a  nervous  child  suffering  somewhat  from  constipatioD, 
she  was  not  considered  ill.  She  was  quite  equal  to  all  the  outdoor  exercise 
incident  to  childish  play,  and  went  through  her  school  work  as  easily  as  the 
average  child.  Of  late  these  attacks  had  been  more  frequent  and  more 
severe,  occurring  at  intervals  of  two  or  three  weeks.  As  a  rule,  however, 
there  had  been  in  the  past  a  longer  interval  than  this  between  these  attacks, 
and  at  times,  especially  in  the  summer,  she  had  gone  for  several  months 
without  having  one. 

This  very  clear  history  of  self-limited  paroxysms  of  coryza,  recurring  in  a 
young  patient  having  a  family  history  of  migraine,  placed  me  at  ease  con- 
cerning my  patient's  present  condition.  I  felt  assured  that  lithemic  poisons 
acting  through  the  vasomotor  nerves  of  the  part  affected  were  responsible  for 
the  symptoms,  and  that  thene  would  spontaneously  disappear  as  they  had 
done  in  many  previous  attacks.  I  promised,  however,  to  return  that  I  might 
talk  over  with  the  grandmother  a  plan  of  treatment  looking  to  the  prevention 
of  these  attacks.  Two  days  later  I  found  the  child  playing  about  the  room 
in  an  almost  normal  condition,  and  I  very  much  questioned  whether  the 
potassium  bromid  and  belladonna,  which  I  prescribed  at  my  first  visit,  had 
anything  to  do  with  shortening  the  attack.  I  now  advised  that  the  child 
should  have  as  much  exercise  as  possible  in  the  open  air,  that  she  should 
avoid  tea,  coffee,  sweets,  and  an  excess  of  red  meats,  that  she  should  drink 
milk  and  eat  cereals,  vegetables,  fruits,  chicken,  fish,  eggs,  and  once  or  twice 
a  week  a  piece  of  red  meat.  Her  bowels  were  to  be  kept  open  with  a  mixture 
containing  sodium  sulphate,  sodium  phosphate,  and  lithium  benzoate;  adoee 
of  this  medicine,  sufficient  for  the  purpose,  was  to  be  taken  every  morning 
before  breakfast.  Three  weeks  later  this  child  had  a  very  slight  attack,  not 
severe  enough,  however,  to  put  her  in  bed,  and  lasting  less  than  twenty-four 
hours.  From  that  time  to  the  present,  nearly  two  years,  she  has  been  kept 
under  observation,  and  during  the  whole  of  this  period  she  has  not  had  a 
severe  attack  of  coryza.  A  number  of  times  she  has  been  "  threatened  "  with 
an  attack,  but  in  every  instance  the  premonitory  symptoms  disappeared  and 
the  attack  was  aborted.  She  has  had  a  number  of  slight  "bilious  attacks" 
(recurrent  vomiting)  during  the  past  two  years.  In  the  last  one  of  these 
attacks  (November,  1900)  the  nausea  and  vomiting  lasted  twenty-four  hour?, 
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and  there  was  at  the  same  time  a  little  irritation  of  the  nose  and  eyes.  The 
history  of  this  patient  is  completed  with  the  note  that  the  urine  passed  dur- 
ing the  severe  attack  of  lithemic  coryza,  in  which  I  first  saw  her,  was  scanty, 
highly  colored,  strongly  acid  in  reaction,  had  a  specific  gravity  of  1030,  and 
contained  an  excess  of  the  allozuric  bodies. 

Cases  of  this  character,  rather  less  severe  than  the  one  I  have  just 
described,  are  not  uncommonly  seen  in  lithemic  children,  and  this 
symptom-group  may  alternate  or  commingle  with  other  symptom- 
groups  of  lithemia.  There  seems  every  clinical  reason  to  believe  that 
these  cases  are  produced  by  lithemic  poisons  acting,  as  these  poisons 
are  accustomed  to  act,  through  the  vasomotor  nerves,  and  the  brilliant 
results  which  follow  the  antilithemic  treatment  of  these  cases  must 
for  the  time  being  justify  their  inclusion  under  the  general  heading 
of  lithemia. 

Pediatrists  have  given  little  or  no  attention  to  these  cases ;  they 
are,  however,  described  by  laryngologists  under  the  title  "  vasomotor 
coryza"  and  ''periodic  hyperesthetic  rhinitis."  Lenox  Brown^ 
speaks  of  these  cases  as  being  caused  by  *'  sensitive  spots  in  the  nose, 
with  a  vasomotor  debility  and  some  local  irritant  as  co-operative  fac- 
tors." Kyle^  says  that  "  they  may  be  due  to  a  local  irritant  acting 
from  without,  usually  of  botanical  origin,  or  to  local  irritation  from 
an  internal  irritant,  such  as  uric  acid.  ....  The  form  due  to 
the  rheumatic  or  gouty  diathesis  is  more  amenable  to  treatment  than 
any  of  the  other  varieties."  And  for  these  cases  he  prescribes  water, 
sodium  phosphate,  lithium,  and  '' Basham's  mixture." 

Jules  Comby  classes  among  the  respiratory  manifestations  of  lith- 
emia in  childhood,  "  spasmodic  coryza,  sibilant  bronchitis,  and  asth- 
matic attack."  The  close  relationship  of  these  symptoms  is  evident, 
and  it  is  also  clear  that  the  same  poisons,  acting  through  different  parts 
of  the  pulmonary  vasomotor  system,  may  produce  either  coryza  or 
asthma.  Haig  and  many  other  writers,  among  them  the  author  of 
this  paper,  have  expressed  the  opinion  that  the  uric  acid  diathesis  is 
a  strong  etiological  factor  in  producing  certain  cases  of  asthma  in  the 
adult.  My  own  experience,  however,  leads  me  to  believe  that  well- 
developed  lithemic  asthma  is  a  comparatively  rare  condition  in  child- 
hood, but  that  lithemic  coryza  is  not  an  uncommon  symptom-group. 

1  The  Throat  and  Nose  and  their  Diseases,  1899. 
>  Diseases  of  Nose  and  Throat,  1899, 
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PART  OF  THE  LEFT  ASCENDING  FRONTAL  CON- 
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A  Contribution  to  the  Nature  of  the  Speech  Disturbance 
Arising  from  Lesions  in  this  Situation. 

By  JAMES  STEWART.  M.D., 
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L.  p.,  aged  thirty -seven  years,  a  painter,  first  came  under  obserrRtion  on 
December  6,  1900.  His  complaints  were  of  temporary  attacks  of  complete 
loss  of  speech.  He  was.  with  the  exception  of  occasional  slight  frontal  head- 
aches,  as  far  as  he  could  judge,  in  perfect  health  up  to  August  2,  1900,  when 
he  was  suddenly  seized  with  an  attack  solely  characterized  by  absolute  less 
of  speech,  being  unable  to  utter  a  word  or  sound  of  any  kind — a  condition  of 
perfect  mutism.  This  state  lasted  about  thirty  minutes.  It  was  not  attended 
or  followed  by  other  symptoms  of  any  kind.  About  the  middle  of  Sep- 
tember, or  six  weeks  later,  he  had  a  precisely  similar  attack,  lasting  about 
the  same  length  of  time.  Up  to  the  time  of  his  admission  he  had  in  all  ten 
such  seizures,  the  last  one  occurring  on  the  morning  of  his  admission  to  the 
hospital.  He  arrived  at  the  railway  station,  and  after  getting  into  a  cab  be 
was  unable  to  direct  the  cabman  where  to  drive  him.  Like  the  previous 
attacks,  it  passed  off  in  the  course  of  about  half  an  hour.  During  the  attacks 
he  understood  perfectly  what  was  said  to  him,  and  knew  what  he  desired  to 
utter.  He  was  frequently  tested  whether  he  was  able  to  read  and  write 
during  the  attacks,  and  is  confident  that  he  was  able  to  accomplish  both  acts 
as  well  as  he  ever  could. 

He  was  not  then  nor  at  any  time  previously  troubled  with  either  nausea, 
vomiting,  or  headache. 

During  the  last  few  attacks  he  has  felt  a  sensation  of  numbness  or  deadnees 
in  the  index  and  middle  fingers  of  the  right  hand.  It  is  a  very  slight  sensa- 
tion and  does  not  last  as  long  as  the  loss  of  speech.  It  is  not  felt  until  after 
the  latter  sets  in,  and  disappears  before  it.  At  no  period  has  there  been  any 
muscular  weakness  during  or  after  the  periods  of  loss  of  speech,  neither  has 
he  observed  double  vision. 

He  has  always  been  healthy  and  regular  in  his  habits.  There  is  no  history 
of  syphilis. 

His  father  died  at  sixty  years  of  age  from  heart  disease ;  his  mother  is  li^' 
ing  and  in  good  health.  There  is  no  family  tendency  to  malignant  disease, 
to  tuberculosis,  or  to  rheumatism;  there  is  no  neurotic  family  history. 
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Bis  condition  on  admission  on  December  6,  1900.  He  is  a  well-nourished 
man,  aged  thirty-seyen  years,  of  medium  stature,  active  in  all  his  movements. 
He  is  fairly  well  educated  and  possessed  of  good  intelligence;  he  sleeps  well. 

Nervous  System.  During  the  two  days  that  he  spent  in  the  hospital  at  this 
time  there  was  no  recurrence  of  the  attacks  of  mutism.  Dr.  Birkett  made  a 
very  careful  examination  of  the  larynx,  and  found  no  disturbance  of  either 
the  abductors  or  adductors.     Both  were  found  to  move  freely  on  phonation. 

All  the  functions  of  the  central  nervous  system  were  normal.  There  was 
DO  motor  or  sensory  disturbance  of  any  part. 

A  careful  examination  into  the  different  forms  of  the  muscular  sense  did 
not  elicit  any  signs  of  abnormality.  The  organic  reflexes  of  swallowing,  defe- 
cation and  micturition  were  not  in  any  way  interfered  with.  The  knee-jerks 
were  found  slightly  exaggerated,  and  all  the  superficial  reflexes  except  the 
pharyngeal  were  present. 

Examination  of  the  eyes  did  not  reveal  any  deviation  from  the  normal  in 
either  the  external  or  internal  muscles,  nor  in  the  optic  nerve. 

The  urine  was  free  from  albumin  and  sugar,  as  well  as  found  normal  in 
other  respects. 

A  careful  examination  of  the  remaining  organs  and  systems  failed  to 
reveal  any  signs  or  symptoms  of  disease. 

He  was  discharged  at  his  own  urgent  request  after  remaining  in  the  hospi- 
tal for  forty-eight  hours. 

It  was  thought  likely  that  the  condition  was  one  of  functional  (hysteric) 
mutism.  The  loss  of  the  pharyngeal  reflex,  in  addition  to  the  intermittent 
mutism,  were  looked  upon  as  a  combination  of  symptoms  that  were  more 
likely  due  to  the  functional  than  organic  disturbance.  Had  more  considera- 
tion been  given  to  the  slight  but  still  clearly  defined  sensation  of  numbness 
accompanying  the  more  recent  attacks,  this  error  would  have  been  avoided. 

Condition  since  his  discharge  from  the  hospital  and  his  re-admission  on 
January  24,  1901.  Three  days  subsequent  to  his  discharge  another  attack 
of  "speechlessness"  similar  in  its  character  and  duration  to  the  previous 
attacks,  was  experienced  by  him,  and  up  to  a  week  before  his  re-admission 
similar  attacks  were  frequent.  For  a  week  previous  to  his  re-admission  he 
bad  no  disturbance  of  speech.  He  was  quite  clear  mentally  during  the 
attack,  knowing  well  what  words  he  would  like  to  say,  but  was  unable  to 
utter  them. 

On  January  3d  he  had  "  an  attack  of  spasmodic  jerking  of  the  muscles 
over  the  right  lower  jaw,"  lasting  a  few  seconds.  At  the  same  time  he  felt 
a  numbness  and  weakness  in  the  right  arm.  These  symptoms,  he  says,  haVe 
lasted,  although  in  a  much  diminished  degree,  up  to  the  present.  Several 
minor  attacks  of  spasm  of  the  muscles  of  the  lower  part  of  the  face  have 
recurred,  but  all  less  marked  than  the  initial  one  of  January  3d.  The 
numbness  he  refers  mainly  to  the  hand  and  forearm.  It  is  always  more 
marked  during  the  morning  hours.  There  is  no  subjective  disturbance  of 
sensation  in  the  right  lower  limb. 

He  complained  of  his  sight  failing,  but  was  still  able  to  read  fine  reading 
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type.  During  the  attack  of  facial  Bpaam  on  January  3d  he  was  blind  for  a 
few  seconds  in  the  right  eye.  From  January  let  and  up  to  his  re-admiaBion 
headache,  both  frontal  and  vertical,  has  been  often  present.  Frequently  it  is 
80  severe  at  night  that  he  has  been  unable  to  sleep.  Vomiting  has  been 
present  at  rare  intervals. 

Condition  on  January  25th,  the  day  after  his  re-admission.  Nervous SympUm$, 
His  mental  state  is  in  every  respect  normal. 

Speech,  There  is  a  very  definite  dysarthria,  words  beginning  with  v,  g,  k, 
fl,  b,  p,  w  are  pronounced  with  difficulty.  At  times  he  has  trouble  in  recall- 
ing certain  words,  but  this  disability  is  on  some  days  not  present  and  was 
not  at  any  period  an  obtrusive  symptom.  It  might  with  truth  be  said  to  be 
only  a  slightly  exaggerated  condition  of  a  not  infrequent  normal  state. 

He  had  no  difficulty  in  understanding  what  was  said  to  him.  At  this 
period  he  was  able  to  write  and  read  both  printed  and  written  sentences. 
He  recognized  objects  of  various  kinds  quickly  and  named  them  correctly, 
although  more  or  less  imperfectly  from  the  disability  of  articulation.  His 
gestures  were  found  to  be  correct.  There  was  an  appreciable  difference  be- 
tween the  strength  of  the  muscles  of  both  the  upper  and  lower  eztremitiesi 
those  on  the  right  being  weaker  than  those  on  the  left.  In  the  case  o(  the 
lower  limbs  the  difference  was  not  more  than  barely  appreciable.  He,  how- 
ever, maintained  that  he  was  distinctly  conscious  of  a  weakness  in  the  limbs 
on  the  right  side.  He  complained  of  a  more  or  less  constant  sensation  of 
deadness  or  numbness  in  the  right  forearm  and  hand,  and  occasionally  of  & 
similar  sensation  in  the  left  forearm  and  hand.  There  was  no  objective  dis- 
turbance of  sensation  in  the  extremities  or  elsewhere. 

Eyes.  Dr.  Buller  found  a  well-marked  double  optic  neuritis.  This  condi- 
tion was  about  equally  present  in  each  eye.  The  pupils  were  medium  sized, 
equal,  and  reacted  normally  to  both  light  and  accommodation.  There  was 
no  diplopia  or  other  evidence  of  ocular  paralysis. 

Facial  Nerve,  Two  pronounced  and  distinctive  symptoms,  pointing  to  dis- 
turbance of  the  cortical  origin  of  the  right  facial,  were  found  present,  and 
both  persisted.  They  were:  1.  An  intermittent,  clonic  spasm  of  the  muscles 
of  the  lower  part  of  the  right  side  of  the  face.  The  spasms  occurred  several 
times  a  day,  and  sometimes  an  interval  of  two  or  three  days  elapsed  between 
them.  They  lasted  from  a  few  seconds  to  a  few  minute.««,  and  drew  the  rigbt 
angle  of  the  mouth  outward,  and  at  times  slightly  upward.  2.  There  was  a 
weakness  of  the  muscles  of  the  lower  pare  of  the  right  face,  the  angle  of 
the  mouth  on  this  side  being  lower  and  the  nasolabial  fold  wellnigh  ob- 
literated. On  voluntary  movement  of  the  two  sides  of  the  face  the  difference 
in  strength  of  the  corresponding  muscles  was  very  striking.  The  difference 
between  the  two  sides  was  more  pronounced  from  voluntary  than  from  emo- 
tional movement. 

The  Hypoglossal  Nerve,  On  his  re-admission  it  was  observed  that  the  tongue 
was  protruded  to  a  slight  extent  to  the  right  side ;  as  this  condition  subse- 
quently increased,  it  was  noticed  that  after  each  facial  spasm  there  was  an 
increase  of  the  weakness  of  the  right  half  of  the  tongue.     When  the  tongue 
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wftB  protruded,  and  even  when  at  rest  in  the  mouth,  its  right  half  was  the 
«eat  of  tremor.  After  each  attack  of  spasm  of  the  facial  muscles  the  paralysis 
was  more  evident  than  formerly.  After  a  period  of  freedom  from  spasm  the 
muscles  would  regain  to  a  slight  extent  the  power  lost,  hut  as  a  rule  there 
was  always  superadded  to  the  weakness  a  further  degree  of  disability  after 
each  facial  spasm. 

The  other  cranial  nerves  did  not  show  any  evidence  of  either  cortical  or 
peripheral  disturbance. 

Reflexes.  Both  knee-jerks  were  slightly  exaggerated,  the  right  being  a 
little  more  so  than  the  left. 

All  the  superficial  reflexes  were  normal.  There  was  no  interference  with 
the  organic  reflexes.  There  was  no  evidence  of  disturbance  of  function  else- 
where than  in  the  nervous  system ;  the  temperature,  respiration,  and  pulse 
remaining  normal. 

There  was  tenderness  on  percussion,  and  a  persistent  increase  of  tempera- 
ture of  J°  F.  over  the  left  side  of  the  skull. 

Course  of  events  up  to  the  day  of  operation,  March  9,  1901.  Spasnis.  The 
spasms  of  the  muscles  of  the  lower  part  of  the  right  face  continued  to  recur 
at  irregular  intervals.  There  were  rarely  more  than  one  or  two  spasms  in  any 
one  day.  Sometimes  an  interval  of  three  or  four  days  elapsed  between  them. 
Their  duration  and  extent  did  not  differ  in  any  essential  degree  from  those 
already  described. 

Paralytic  Phejwmena,  The  paralysis  of  the  lower  branches  of  the  right 
facial  nerve  and  of  the  right  half  of  the  tongue  continue  to  increase  in 
depth.  It  was  always  observable  that  both  paralytic  states  were  worse  after 
an  attack  of  spasm.  The  transient  weakness  of  the  right  hand  and  arm,  pre- 
viously observed  as  occurring  after  attacks  of  facial  spasm,  is  less  pronounced- 
The  dynamometer  shows,  in  fact,  that  the  power  in  the  right  is  greater  than 
in  the  left  hand.  It  is  about  equal  to  what  one  would  expect  it  to  be  in  a 
normal  state.  It  is,  however,  different  in  the  right  hand  from  a  normal 
grasp.  It  is  a  short,  sudden  exertion  which  is  not  maintained,  differing  in 
this  respect  also  from  the  well-maintained  grasp  of  the  left  hand. 

Sensory  Disturbance,  The  only  symptoms  of  a  sensory  character  were  en- 
tirely subjective,  with  the  exception  to  be  mentioned,  and  confined  to  the 
right  hand  and  the  right  half  of  the  tongue  and  the  lower  part  of  the  right 
face.  Now  and  then  he  would  say  that  he  felt  some  numbness  in  the  left 
forearm  and  hand. 

The  only  ascertainable  objective  disturbance  of  sensation  was  in  the  right 
half  of  the  tongue,  where  there  was  a  very  obvious  difference  between  the 
right  and  left  halves  to  the  sense  of  touch,  while  painful  and  thermic  stimuli 
appeared  to  be  normal. 

Tactile  sensation  as  well  as  painful  and  thermic  stimuli  were  elsewhere 
normal.  He  quickly  recognizes  when  his  face  or  tongue  is  touched  simul- 
taneously by  either  two  sharp  or  dull  points.  The  acuteness  of  this  form  of 
sensation  appears  to  be  normal,  not  only  in  the  right  face  and  tongue,  but  also 
in  the  extremities. 
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Muscular  Sense,  He  readily  recognized  any  and  every  position  in  which 
his  right  extremities  were  placed.  If  the  left  extremities  were  placed  in  a 
certain  position  he  could  without  difSculty  place  the  right  extremities  in  the 
same  position  when  his  eyes  were  closed.  He  is  perfectly  able  to  name 
common  domestic  articles  by  the  sense  of  feeling ;  he  estimates  also  fairly 
accurately  the  weight  and  shape  of  objects  when  placed  in  either  the  right 
or  left  hand. 

Speech  Disturbance.  The  chief  if  not  the  only  disturbance  in  speech  was 
in  articulation.  There  was  from  the  time  of  his  entrance  into  the  hospital 
a  gradual  progressive  deterioration  of  the  power  of  articulation  from  slight 
dysarthria  up  to  a  practically  complete  anarthria.  The  labials,  b,  p,  m,  were 
from  the  first  pronounced  with  difiiculty.  Finally  he  was  unable  to  articu- 
late any  one  letter  of  the  alphabet  that  could  be  understood  with  the  excep- 
tion perhaps  of  the  letter  o.  The  simplest  words  were  so  imperfectly  articu- 
lated that  it  was  impossible  to  understand  him.  He,  however,  in  spite  of 
his  failure  to  convey  his  meaning,  made  persistent  efforts  at  speaking.  He 
evidently  understood  the  words  he  wished  to  express,  and  appeared  to  have 
no  difficulty  whatever  in  calling  them  up  in  his  memory;  he  knew,  for 
instance,  the  number  of  letters  or  syllables  in  a  word.  There  was  the  same 
difficulty  in  naming  the  numerals  as  in  pronouncing  letters  or  words. 

Now  and  then  it  was  noticeable  that  he  had  difficulty  in  recalling  cer- 
tain names,  but  this  was  at  no  time  a  pronounced  symptom.  For  several 
consecutive  minutes  he  would  make  persevering  attempts  to  speak,  seemingly 
always  calling  up  the  proper  word  without  difficulty,  but  he  was  not  under- 
stood because  of  the  defect  in  articulation. 

At  no  time  was  there  any  evidence  of  word  deafness  or  of  word  or  object 
blindness.  He  was  able  to  read,  and  he  spent  the  greater  part  of  his  time  in 
doing  so  when  the  headache  lessened. 

Defect  in  WrUing,  He  was  able  to  write  words  of  one  syllable  without 
making  any  mistakes,  but  even  a  very  simple  word  required  an  effort  on  his 
part.  Words  of  two  or  more  syllables  were  very  rarely  written  correctly. 
He  made  a  fair  success  with  the  first  syllable,  but  stumbled  over  the  second. 
When  asked  to  write  his  own  name  and  place  of  residence,  he  was  unable  to 
do  so  correctly  except  the  first  syllables.  The  following  is  the  results  of  one 
of  the  most  successful  of  his  efforts  : 

To  write — Levi  Poulin,  Brockville,  Ont. 


eS^ 
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His  saccess  in  copying  printed  or  written  words  was  no  better  than  his 
attempts  at  spontaneous  writing,  as  the  following  example  will  show.  When 
asked  to  copy  the  word  hospital  in  large  print  the  result  was : 


HOSPITAL 


When  asked  to  copy  the  following  words: 
"  I  had  no  dinner,"  he  wrote : 


The  defect  in  writing  was  more  a  dysgraphia  than  an  agraphia. 

Electric  Reactions.  The  reaction  of  the  paralyzed  muscles  supplied  by  the 
right  facial  nerve  were  normal  to  faradism. 

Vision,  The  vision  was  slowly  lessening,  this  corresponding  to  an  increase 
of  the  optic  neuritis  which  was  now  especially  marked  on  the  left  side.  (Dr. 
Buller^s  report.) 

Headache,  During  the  last  month  previous  to  operation  the  headache  was 
more  or  less  continuous  and  severe,  being  especially  so  during  the  night.  It 
was  chiefly  vertical,  and  often  extended  down  the  left  side  of  the  head  to  the 
left  shoulder  and  down  the  left  arm. 

Laryngeal  Muscles,  Repeated  examinations  of  the  larynx  were  made  by 
Dr.  fiirkett  during  the  patient's  stay  in  the  hospital.  At  no  time  was  he 
able  to  detect  any  deviation  from  the  normal. 

Both  the  abductors  and  the  adductors  were  found  to  be  capable  of  normal 
action.  An  examination  was  also  conducted  by  Dr.  Birkett  just  after  the 
patient  was  put  under  ether  and  before  the  operation  was  proceeded  with, 
with  similar  results. 

The  diagnosis  of  an  intracranial  tunwr  was  made  on  the  following  grounds :  1. 
The  constant  severe  headache  having  no  other  discernible  cause. 

2.  The  bilateral  optic  neuritis. 

3.  The  vertigo. 

4.  The  exaggerated  knee-jerks  and  ankle-clonus. 

It  was  localized  on  the  left  side  of  the  brain  at  the  lower  part  of  the  ascend- 
ing frontal  convolution,  because  the  dominant  symptoms  were : 

1.  Spasms  of  the  muscles  of  the  lower  part  of  the  right  side  of  the  face. 

2.  The  presence  of  an  abiding  weakness  of  the  muscles  of  the  lower  part  of 
the  right  side  of  the  face. 
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8.  A  paresis  of  the  muscles  of  the  right  side  of  the  tongue. 

4.  The  presence  at  limes  of  a  slight  paresis  of  the  right  arm  and  hand, 
together  with  disturbed  subjective  sensation  in  the  same  parts,  showing  that 
the  centers  for  these,  although  not  seriously  interfered  with,  were,  however, 
in  the  immediate  neighborhood  of  an  irritating  lesion. 

Further,  it  was  considered  to  be  subcortical  on  account  of— 

1.  The  practical  absence  of  aphasia. 

2.  The  presence  of  a  dysarthria  going  on  by  slow  degrees  to  an  almost 
complete  anarthria. 

That  it  was,  however,  not  far  from  the  cortex  was  shown  by — 

1.  The  spasms  of  the  muscles  of  the  lower  part  of  the  right  side  of  the  face. 
To  induce  these  spasms  it  was  rational  to  suppose  the  presence  of  a  lesion  in 
the  immediate  neighborhood  of  the  cortical  centers  for  the  lower  facial 
muscles. 

2.  A  unilateral  lesion  to  induce  a  dysarthria  must  be  sufficiently  near  the 
cortex  to  include  not  only  the  speech  tracts,  which  pass  down  the  same  side, 
but  al80  those  that  cross  over  in  the  corpus  callosum  and  pass  down  the  oppo- 
site side  of  the  brain. 

The  Nature  of  the  Growth,  The  nature  of  the  growth  could  not  from  the 
symptoms  or  course  be  determined. 

A  glioma  was  suspected  because  of  the  age  of  the  patient  and  the  failore 
of  active  antisyphilitic  treatment  over  a  period  of  six  weeks,  to  influence  in 
any  way  favorably  the  disease. 

A  tuberculous  tumor  was  not  likely,  because  of  the  age  of  the  patient,  his 
general  good  nutrition  and  the  absence  of  tuberculosis  elsewhere,  and,  further, 
there  was  no  family  history  pointing  to  tuberculosis. 

Operatum  performed  by  Dr,  James  Belly  Professor  of  Clinical  Surgery,  MeGUi 
University,  on  March  9,  1901.  On  account  of  its  greater  safety  ether  was  used 
instead  of  chloroform  for  inducing  anesthesia.  The  situation  of  the  fissare 
of  Bolando  being  mapped  on  the  shaven  scalp,  an  ovoid  flap,  two  inches  in 
its  transverse  and  two  and  a  half  inches  in  its  vertical  measurement,  having 
the  fiHsure  of  Bolando  slightly  posterior  to  a  line  drawn  down  obliquely 
through  the  center,  was  raised  upward. 

The  dura  mater  was  incised  about  a  quarter  of  an  inch  from  the  edge  of  the 
bone  incision  and  everted  upward.  The  brain  was  pulsating,  and  the  pis 
mater  slightly  cloudy.  The  cortex  appeared  to  be  normal,  but  on  palpatioa 
a  hard,  resistant  mass  was  felt  in  the  brain  substance,  at  the  lower  and  more 
anterior  part  of  the  opening.  The  brain  substance  over  this  mass  was  incised 
to  the  depth  of  a  quarter  of  an  inch,  the  finger  introduced,  and  a  hard,  irrqpi- 
lar  tumor  was  enucleated  and  removed. 

This  tumor  mass  was  about  an  inch  in  its  longest  diameter,  and  from  one- 
half  to  three-quarters  of  an  inch  in  its  shortest  diameter.  It  was  encapsuled 
and  was  of  firm  consistency  and  of  a  whitish  color. 

On  removing  the  tumor  about  two  ounces  of  turbid,  watery  fluid  escaped 
from  beneath  it,  leaving  a  cavity  just  over  the  first  part  of  the  horizontal  arm 
of  the  Sylvian  fissure. 
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There  was  considerable  bleeding  from  the  vessels  of  the  pia  mater^  which 
was  ultimately  stopped  by  ligatare. 

A  glass  tube  was  inserted  into  the  cavity  and  brought  out  through  a  small 
trephine  opening  at  the  line  of  incision  through  the  bone.  The  dura  mater 
was  closed  by  sutures  of  catgut  and  the  osteoplastic  flap  placed  and  held  in 
position  by  sutures  through  the  skin. 

He  rallied  well  after  the  operation. 

Chief  noteworthy  events  after  the  operation.  Speech,  His  articulation  for 
several  days  after  the  operation  was,  if  possible,  worse  than  before.  It  was 
very  instructive  to  notice  how  the  march  of  improvement,  when  it  began 
about  the  eighth  or  ninth  day  after  the  operation,  progressed. 

He  was  first  able,  with  a  fair  degree  of  distinctness,  to  pronounce  simple 
words  of  one  syllable,  but  it  was  not  until  about  the  third  week  that  he  was 
able  to  articulate  words  of  two  or  more  syllables.  When  he  left  the  hospital, 
twenty-eight  days  after  the  operation,  his  articulation  was  nearly  normal ;  he, 
however,  spoke  slowly,  and  words  of  more  than  one  syllable  required  a  distinct  ' 
effort.    The  labials  especially  called  for  a  deliberate  effort. 

There  was  no  difficulty  manifested  after  the  operation  in  calling  up  the 
names  of  objects  or  persons.  He  understood  readily  and  perfectly  all  spoken 
and  written  commands,  and  was  able  at  once  to  recognize  all  objects  and  to 
name  them  correctly. 

Writing.  About  the  same  time  that  the  speech  showed  signs  of  improving 
his  writing  also  distinctly  improved,  and  by  the  time  he  left  the  hospital  he 
could  readily  write  correctly  words  of  several  syllables.  The  improvement 
in  writing  was  first  noticed  in  words  of  one  syllable,  and  a  few  days  after- 
ward in  words  of  two  or  more  syllables. 

The  following  is  from  a  letter  written  by  him  two  weeks  after  his  return 
home  and  six  weelr<«  af^er  the  operation. 


The  contrast  between  this  and  the  efforts  he  made  before  the  operation  to 
write  his  own  name  and  place  of  residence  is  very  great  and  most  interesting. 

Sjpatms.  During  the  two  or  three  days  subsequent  to  the  operation  the 
spasms  of  the  muscles  of  the  lower  part  of  the  right  side  of  the  face  were 
more  frequent  than  formerly,  but  after  this  date  they  gradually  subsided, 
and  after  the  tenth  day  they  ceased,  and  have  not  since  returned. 

The  Faciolingual  Paralyeis,  The  day  following  the  operation  the  facial 
paralysis  as  well  as  that  of  the  right  half  of  the  tongue  were  more  marked 
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than  preyiously.  Twelve  days  afterward  the  tongue  was  protruded  in  a 
straight  line,  and  the  facial  paralysis  was  not  evident  when  the  muscles  were 
at  rest  When  he  left  the  hospital  on  the  twenty -eighth  day  aft«r  the  opera- 
tion there  was  no  trace  of  either  facial  or  lingual  paralysis. 

Sensory  Disturbance,  The  sensory  disturbances,  like  those  of  motion  and 
speech,  were  more  marked  for  a  few  days  succeeding  the  operation,  bat  they 
afterward  entirely  disappeared.  The  headache  gradually  lessened,  and  about 
the  end  of  the  first  week  was  no  longer  felt. 

Dr.  Buller,  on  the  twenty-seventh  day  after  the  operation,  examined  the 
eyes,  but  was  not  able  to  satisfy  himself  that  there  was  an  appreciable  dimi- 
nution in  the  optic  neuritis.  The  patient,  however,  was  satisfied  that  his 
vision  was  more  acute  than  formerly. 

There  was  no  constitutional  disturbance  following  the  operation,  the 
wound  by  the  time  he  had  left  the  hospital  being  practically  healed.  He 
was  lively  and  very  talkative  (natural  state),  being  quite  difierent  from  his 
irritable  and  despondent  condition  of  the  days  before  he  was  operated  on. 

Report  on  the  Nature  of  the  Growth  by  Dr,  Archibald,  The  tumor,  as  re- 
moved, consisted  of  three  large  fragments  and  several  small  ones.  The 
lai^est  of  these  measured  roughly  about  3x3  x  1}  cm.,  the  second  about  half 
this  size,  and  the  third  still  smaller.  The  periphery  of  the  tumor  was  of  a  veiy 
dark  grayish  color,  not  unlike  cerebral  cortex.  It  merged  gradually  into  a 
whitish  substance,  very  friable  and  shreddy,  which  formed  the  interior  of  the 
growth,  and  which  proved  to  be  degenerated,  half-necrotic  substance.  The 
whole  was  dotted  over  with  numerous  small  hemorrhages. 

Macroscopically  there  was  no  distinct  capsule ;  microscopically,  however, 
one  was  found,  consisting  of  a  narrow  rim  of  condensed  fibrillary  tissue,  con- 
taining practically  no  cells. 

Microscopic  Examination,  This  is  not  yet  complete ;  it  is,  however,  sufficient 
to  justify  the  diagnosis  of  glioma. 

The  outer,  better  preserved  area  shows  a  new  growth,  en  capsuled  as  above 
mentioned,  and  consisting  of  cells  fairly  uniform  in  size,  about  twice  that  of 
an  ordinary  lymphocyte,  but  varying  considerably  in  shape,  some  being 
round,  others  oval,  pear-shaped,  or  even  stellate.  These  cells  lie  in  a  verjr 
loose  and  fine  stroma  of  fibrils,  most  of  which  do  not  apparently  take  Mal- 
lory's  specific  stain  for  differentiated  glia  fibers  (modified  fibrin  methods).  A 
few  such,  however,  are  found  here  and  there ;  but  whether  they  do  not  in  this 
situation  represent  fibrin  must  remain  as  yet  undecided. 

As  one  goes  inward  toward  the  older  degenerated  portion  of  the  growth, 
these  differentiated  fibers,  taking  Mallory's  stain,  become  more  numerous 
and  finally  form  a  solid  mass,  in  which  comparatively  few  cells  can  be  found. 
And  these  cells  are,  on  the  whole,  smaller  than  the  cells  of  the  peripheral 
well-preserved  area,  and  more  uniformly  round.  They  are,  however,  largely 
degenerated,  and  take  any  stain  very  poorly.  The  degeneration  shows  as 
a  mass  of  granular  detritus,  and  is  probably  albuminous  in  nature,  as  is 
said  by  Bonome  (  Virchow^s  Archiv,  March  22d)  to  be  frequently  the  case  in 
gliomata. 


Represenlfl  a  spot  fro 
nniblng  but « langlB  of 
phaiphotuiigilic  acid  bi 


SUBCORTICAL    GLIOMA.  377 

There  is  no  trace  of  nerve  tissue  in  the  tumor.  This  was  confirmed  by  Dr. 
Shirres,  clinical  assistant  in  neurology,  who  kindly  examined  sections  with 
regard  to  this  point. 

New-formed  vessels  are  found  in  abundance,  together  with  frequent  small 
local  hemorrhages. 

Around  some  of  the  old  vessels  there  appears  to  have  occurred  a  fibrous 
tissue  proliferation,  the  spindle  cells  of  which  arrange  themselves  in  a  radi- 
ating way  around  the  circumference.  This  is,  however,  infrequent ;  and  the 
hypothesis  of  a  sarcoma  beginning  in  vessel  adventitia  may,  so  far  as  present 
sections  allow  one  to  judge,  be  excluded. 

To  resume :  We  have  had  a  tumor  of  widely  difiering  histologic  characters. 
In  the  center  a  mass  of  differentiated  glia  fibers  with  very  few  cells ;  at  the 
periphery  a  richly  cellular  growth,  not  unlike  sarcoma  at  first  sight,  but 
merging  by  transition  stages  into  the  stru.cture  of  the  center.  There  seems, 
then,  to  be  some  ground  for  the  conclusion  that  the  whole  is  of  the  glio- 
matous  nature,  and  that  in  a  glioma  there  may  be  one  portion,  presumably 
of  youngest,  most  recent  growth,  the  cells  of  which  have  not  yet  the  property 
of  producing  differentiated  neuroglia  fibers,  while  another  portion  consisting 
of  older  or  oldest  cells  may,  having  acquired  this  property,  show  large  num- 
bers of  such  differentiated  fibers,  even  to  the  almost  total  exclusion  of  cells. 
A  consideration  of  this  question  will,  it  is  hoped,  throw  some  light  on  the 
vexed  question  of  the  so-called  gliosarcomata. 

There  has  not  been  sufficient  time  for  the  thorough  working  out  of  this 
growth,  nor  for  a  complete  examination  of  the  literature,  and  the  above  must 
be  regarded  as  a  preliminary  note.  It  is  hoped,  however,  in  a  later  article 
to  present  a  more  detailed  description  and  a  more  extended  consideration  of 
the  subject  as  a  whole.    Two  microphotographs  are  appended. 

SuMMART.  The  following  summary  of  the  course  of  the  symptoms 
in  this  case  will  make  it  more  clear  and  definite : 

A  man,  aged  thirty-seven  years,  without  previous  warnings,  sud- 
denly became  speechless  for  about  twenty  minutes.  There  was  a 
recurrence  of  attacks  of  a  similar  character  every  few  days  for  a 
period  of  several  weeks.  Then  severe  headache  and  optic  neuritis 
supervened,  and  afterward  facial  spasm  followed  by  paresis  of  the 
lower  facial  muscles  on  the  right  side,  as  well  as  weakness  of  the  right 
half  of  the  tongue.  The  mutism  no  longer  was  noticed,  its  place 
being  taken  by  a  dysarthria,  first  of  labials  and  later  of  all  letters  and 
words,  and  finally  passing  on  to  a  practically  complete  anarthria. 

On  opening  the  brain  a  tumor  was  found  immediately  beneath  the 
gray  matter  of  the  lower  part  of  the  ascending  frontal  convolution. 
The  removal  of  this  was  easily  accomplished,  and  was  followed  in  the 
coarse  of  a  few  days  by  disappearance  of  the  anarthria  and  the  facio- 
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lingual  paralysis.    The  patient  is  now,  two  months  after  the  operation, 
practically  well,  there  being  no  evidence,  except  slowness  of  speech, 
of  any  disturbance  of  the  central  nervous  system. 
The  case  is  interesting  on  account  of: 

1.  As  being  an  instance  of  a  successful  removal  of  a  subcortical 
growth,  the  location  of  which  had  been  correctly  made  out  six  weeks 
previous  to  the  operation. 

2.  As  showing  that  dysarthria  and  not  aphasia  is  the  characteristic 
form  of  speech  disturbance  met  with  in  growths  in  this  situation.  The 
growth  was  situated  so  as  to  compress  the  speech  tract  some  distance 
from  the  motor  speech  center,  but  still  sufficiently  near  to  involve  the 
commissural  fibers  that  pass  over  to  the  right  hemisphere  in  the  corpos 
callosum.  Following  the  lead  of  Lichtheim  and  Dejerine,  it  has  been 
the  custom  with  even  the  most  recent  writers  to  call  the  speech  dis- 
turbance attending  lesions  in  this  situation  subcortical  motor  aphasia. 

Bastian  in  his  recent  able  work  on  Aphasia  clearly  shows  that 
these  subcortical  lesions  do  not  give  rise  to  aphasia,  but  to  dysarthria 
or  anarthria.     This  case  bears  out  his  view. 

It  would  certainly  be  erroneous  to  call  the  speech  disturbance 
aphasia.  An  aphasic  patient  is  able  to  utter  some  word,  and  when 
he  does  do  so  the  articulation  is  perfect,  whereas  in  anarthria,  when 
more  or  less  complete,  even  the  simplest  words  and  individual  letters 
are  scarcely  recognizable. 

To  distinguish  between  the  anarthria  of  subcortical  lesions  and  that 
produced  by  lesions  of  the  bulbar  nuclei,  Bastian  uses  the  tenn 
aphemia  (speechlessness)  for  the  former  and  anarthria  for  the  latter. 
It  must,  however,  be  understood  that  there  is  no  clinical  difference 
between  the  speech  disturbance  of  subcortical  lesions  and  that  brought 
about  by  bulbar  lesions.  They  are  recognized  by  the  collateral 
symptoms.  In  nearly  all  cases  reported  of  so-called  subcortical  motor 
aphasia  it  is  claimed  that  defects  in  writing  did  not  occur. 

Here  there  was  a  marked  disorder  in  writing — an  ataxia  of  writ- 
ing, or  what  might  fairly  be  named  a  dysgraphia.  This  was  present 
without  any  weakness  of  the  right  hand,  and  was,  therefore,  not  due 
to  loss  of  power,  but  rather  to  disturbance  of  co-ordination.  Con- 
sidering the  near  situation  of  the  lesions  to  the  centers  of  the  hand,  it 

18  not  surprising  to  find  and  not  difficult  to  account  for  the  disability 
in  writing. 


PSEUDOMEMBRANOUS   INFLAMMATION   OF  THE 
MUCOUS  MEMBRANES  CAUSED  BY  THE 

PNEUMOCOCCUS. 

Review  of  the  Literature  and   Report  of  a   Case  of 

Pneumococcic  Pseudomembranous  Exudation  on  the 

Mucous  Membranes  of  the  Mouth,  Tongue, 

Throat,  Nose,  Eyes,  Glans  Penis,  Anus,  etc., 

C0MP1.1CATING  Acute  Lobar  Pneumonia. 

By   CHARLES  GARY,  M.D., 

and 
IRVING   PHILLIPS  LYON,  M.D., 

OF  BUFFALO,  V.  Y. 


The  case  here  reported  i.s  remarkable  in  one  respect  only,  i.  e., 
the  occurrence,  during  the  course  of  an  attack  of  acute  lobar  pneu- 
moDia  in  a  boy  of  eleven  years,  of  a  profuse  pseudomembranous 
exudation  upon  nearly  all  the  mucous  surfaces  of  the  body  open  to 
inspection^  caused  by  the  pneumococcus  (diplococcus  pneumonise). 
In  addition  to  the  visible  fibrinous  exudate  upon  the  mucous  mem- 
branes exposed  to  view,  the  case  also  showed  signs  of  extensive 
adhesive  pleuritis  and  marked  and  continued  tympanites,  with  the 
passage  of  membranous  shreds  in  the  stools,  leading  to  the  belief 
that  the  fibrinous  process  involved  also  the  pleune  and  the  gastro- 
intestinal tract.  Aside  from  these  features  the  case  showed  nothing 
remarkable,  pursuing  a  severe  and  protracted  course  which  termi- 
nated by  gradual  lysis,  with  recovery.  The  case  will,  therefore,  be 
reported  chiefly  with  referene  to  the  unusual  complications,  omit- 
ting unimportant  details  relating  to  the  more  usual  features  of  the 
disease  —from  the  clinical  side  by  Gary,  who  had  charge  of  the  case 
throughout,  and  from  the  pathologic  side  by  Lyon,  who  saw  the 
case  for  the  first  time  on  January  17th  in  consultation  with  Gary — 
as  follows: 


380  CART    AND    LYON, 

Summary  of  case :  Acute  -lobar  pneumonia  of  both  bases ,  with  deveJopment 
during  the  first  ten  days  of  a  profuse  pseudomembranous  exudate,  first  upon  the 
tonsils  and  quickly  extending  to  the  mucous  membranes  of  the  lips,  tongue,  mouth, 
palate,  throat,  and  nose,  and  transferred  to  the  eyes,  glans penis,  and  anus;  physi- 
cal signs  of  fibrinous  pleuritis  ;  marked  and  persistent  tympanites  ;  membranous 
shreds  and  mucus  in  the  stools.  Microscopic  examination  :  bacillus  diphtheria, 
streptococcus,  sacchnromyces  albicans,  etc,  absent ;  diplococcus  pneumonia  present 
in  abundance  in  the  sputum  and  in  the  exudate  from  all  locations,  groum  in 
cultures  and  injected  into  a  rabbit  and  recovered  from  the  organs  and  blood  after 
death.  Diagnosis  ;  pneumococcic  infection  resulting  in  acute  pneumonia,  pleurisy, 
and  fibrinous  exudation  upon  the  mucous  membranes,  T.  B.,  aged  eleven  yetn, 
a  boy  somewhat  undersized  and  undeveloped  for  his  age,  of  the  best  social 
condition  and  surroundings,  was  taken  ill  on  January  5, 1901. 

Family  History,     Negative. 

Personal  History,  The  patient  has  had  the  usual  diseases  of  childhood. 
He  had  been  a  mouth-breather  from  enlarged  tonsils,  which  were  excised 
five  years  ago,  since  which  he  has  been  subject  to  frequent  and  severe  attacks 
of  follicular  tonsillitis,  of  which  as  many  as  eight  or  nine  sometimes  occurred 
during  a  single  season.  Throat  cultures  made  during  these  attacks  always 
proved  negative  for  the  diphtheria  bacillus.  During  the  past  year  only  a 
single  attack  of  tonsillitis  occurred.  One  year  ago  he  had  a  short,  slight 
attack  of  catarrhal  pneumonia,  from  which  he  recovered  without  incident 

Present  Illness,  The  present  illness  began  on  January  5,  1901,  with  acre- 
throat  and  fever,  which  were  supposed  by  the  boy's  mother  to  indicate  the 
onset  of  one  of  his  accustomed  attacks  of  tonsillitis,  and  he  was  treated  with 
the  usual  remedies.  On  January  7th  the  family  physician,  Dr.  Gary,  was 
called,  and  found  a  reddened  sore-throat  (without  exudation),  signs  indicating 
early  involvement  of  the  base  of  the  left  lung,  and  temperature  103.5°  F., 
pulse  114,  and  respirations  42.  Next  day  the  temperature  was  104°  F., 
pulse  130,  respirations  40,  and  the  signs  of  pneumonia  at  the  left  base  were 
more  marked.  On  January  11th  signs  of  consolidation  of  the  right  base  also 
appeared,  and  the  patient  complained  of  a  painful  sore-throat  Examination 
showed  an  abundant  white  exudate  covering  both  tonsils,  from  w^hich  a  cul- 
ture was  made  and  was  reported  negative  for  the  diphtheria  bacillus  by  Dr. 
Thomas  B.  Carpenter,  bacteriologist  of  the  City  Board  of  Health.  In  the 
meantime  a  marked  vesicular  eruption  had  appeared  over  the  chest,  follow- 
ing directly  the  application  of  turpentine  and  oil  (1 :  6).  The  vesicles  were 
numerous,  discrete,  and  reached  the  size  of  a  five-cent  piece  in  some  in- 
stances, and  the  sores  left  by  them  were  an  annoying  feature  in  the  early 
part  of  the  illness. 

On  January  12th  a  herpetic  eruption  appeared  upon  the  lips;  the  exuda- 
tion was  more  or  less  general  throughout  the  mouth  and  throat,  and  the  eyes 
were  the  seat  of  a  beginning  conjunctivitis.  Dr.  H.  Y.  Grant,  oculist,  was 
placed  in  charge  of  the  eyes,  and  active  treatment  was  directed  to  them.  On 
January  13th  there  was  marked  fibrinous  conjunctivitis,  and  subconjunctiYal 
hemorrhages  were  scattered  over  the  eyes,  the  lids  were  swollen  and  adherent, 
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and  photophobia  was  complained  of.  The  mucous  membranes  covering  the 
lip6,  gums,  cheeks,  margin  and  under  surface  of  the  tongue,  hard  and  soit 
palate,  fauces,  tonsils,  pharynx  (as  far  back  as  could  be  seen),  and  nose  were 
ooyered  with  a  continuous,  white,  adherent  exudate,  which  could  be  torn  off 
in  shreds  and  pieces,  sometimes  as  large  as  a  twenty-five-cent  piece,  leaving 
behind  a  raw,  granular,  bleeding  surface.  The  boy  could  not  be  restrained 
entirely  from  picking  at  his  nose  and  lips,  and  his  fingers  were  seen  to  be 
bloodstained.  He  thus  apparently  transplanted  the  infection  from  one  place 
to  another. 

On  the  evening  of  January  15th  the  glans  penis  (circumcised)  became 
involved  in  the  same  membranous  process,  and  next  day  was  covered  in  its 
greater  part  by  a  thick,  raised,  adherent  membrane,  which  extended  to  the 
meatus  and  caused  the  lips  to  be  glued  together,  producing  difficulty  in 
micturition  by  pressure.  The  process  did  not,  however,  extend  into  the 
nrethra.  The  membrane  could  be  torn  off  in  pieces,  leaving  behind  a  raw 
bleeding  base  similar  to  that  seen  in  the  mouth  after  removal  of  the  exudate. 

At  this  time  a  large  piece  of  the  membrane  obtained  from  the  mouth  was 
submitted  to  Dr.  Herbert  D.  Pease,  bacteriologist  to  the  New  York  State 
Pathologic  Laboratory  of  the  University  of  Buffalo,  who  reported  nega- 
tively for  the  diphtheria  bacillus,  but  noted  the  presence  of  frequent  diplo- 
cocci,  the  nature  of  which,  however,  was  undetermined,  as  the  examination 
was  somewhat  cursory. 

Next  day,  January  16th,  an  examination  showed  the  anus  also  involved  in 
a  membranous  deposit,  and  the  nurse  first  noted  the  presence  of  membranous 
shreds  in  the  stools.  The  deposit  on  the  anus  extended  within  the  sphincter, 
though  to  what  distance  was  not  determined,  as  a  speculum  could  not  be  in- 
troduced without  much  pain.  A  shred  about  two  inches  long  was  removed 
through  the  anus  by  winding  it  upon  a  match.  For  several  days  the  abdo- 
men had  been  distended,  with  marked  tympanites.  The  stools  had  been 
rather  frequent,  soft,  contained  considerable  mucus,  and  much  gas  was  ex- 
pelled.    The  spleen  was  not  palpable,  and  no  rose  spots  appeared. 

At  this  time  the  disease  was  at  its  height.  Both  lower  lobes  were  con- 
solidated. The  membranous  exudate  was  profuse  and  showed  no  signs  of 
yielding  to  active  local  treatment.  The  breathing  was  noisy  and  labored, 
with  seeming  suffocation  from  the  accumulation  of  mucus  in  the  upper  air 
passages.  The  expectoration,  which  was  mostly  swallowed,  was  thick,  viscid, 
mucopurulent.  The  cough  was  constant,  deep,  aud  gagging.  About  this 
time,  also,  signs  of  extensive  fibrinous  pleuritis  became  marked,  chiefly  over 
the  left  base ;  the  right  base  was  also  involved,  but  not  so  frankly.  The 
pleural  friction  over  the  left  base  could  be  felt  with  the  hand  on  the  chest, 
as  well  as  heard  with  the  stethoscope.  The  patient's  condition  seemed  crit- 
ical. 

On  January  17th  the  case  was  first  seen  by  Dr.  Lyon  in  consultation  with 
Dr.  Gary,  when  the  disease  was  at  its  height,  and  the  following  examinations 
were  made  by  him : 

Blood,     Leukocytes,  16,600 ;  hemoglobin,  70  per  cent.     Differential  leuko- 
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cytic  count :  neutrophiles,  81  per  cent.;  small  lymphocytes,  12  per  cent.; 
large  lymphocytes,  6.5  per  cent.;  eosinophiles,  0.5  per  cent.;  400  counted. 
Bed  corpuscles  well  formed ;  an  occasional  normoblast.  Fibrin  increased. 
Widal  test  negative. 

Sputa.  Mucopurulent,  yellowish-white  in  color,  with  an  occasional  reddish 
streak.  Microscopically  it  showed  numerous  pus  cells,  epithelial  cells,  some- 
times containing  brown  granules  (blood  detritus),  mucus,  and  fibrin ;  occa- 
sional red  blood-corpuscles ;  a  few  very  small  fibrinous  casts  of  the  finer 
tubules  with  dendritic  processes  attachd.  Stained  specimens  showed  numer- 
ous large  diplococci,  with  wide  capsules,  morphologically  identical  with  the 
diplococcus  pneumoniae.  This  organism  stained  by  Gram,  but  the  capsule 
was  not  clearly  stained  by  Welch's  method. 

Membranous  Exudate  from  Lips.  Thick,  white,  gelatinous  material,  which 
was  partly  soluble  in  water,  which  latter  gave  the  chemical  reactions  for 
mucin.  The  undissolved  residue  showed  typical  fibrin  filaments,  and  stained 
by  Weigert's  method.  Stained  specimens  showed  in  abundance  the  same 
diplococci  as  found  in  the  sputa,  as  well  as  an  occasional  single  coccus. 
Numerous  epithelial  cells  and  leukocytes  and  much  detritus  were  also  found 
in  the  exudate.  The  diphtheria  bacilltiSf  streptococcus,  saccharomyces  albicans^ 
etc.y  absent, 

Mernbranovs  Exudate  from  Nose,  Glans  Penis,  and  Anus.  All  of  these  speci- 
mens were  similar  grossly  and  microscopically  to  the  pseudomembrane  from 
the  month,  all  containing  the  same  encapsulated  diplococcus  in  large  num- 
bers, practically  in  pure  culture,  except  the  membrane  from  the  anus,  which 
showed,  in  addition  to  the  diplococcus,  contamination  with  the  usual  fecal 
flora.  [It  is  worthy  of  note  that  in  the  case  of  the  glans  penis  the  exudate 
was  not  deposited  upon  a  true  mucous  membrane,  as  was  the  case  in  all  the 
other  locations,  for  the  boy  had  been  circumcised  in  early  childhood.] 

Exudate  from  Conjunctiv(c.  This  was  fiaky,  and  did  not  take  the  form  of  a 
uniform  membranous  deposit,  as  in  the  other  locations  involved.  The  same 
organism  was  found  (pure)  as  in  the  other  specimens,  though  less  numerously, 
probably  due  to  the  active  and  continued  treatment  which  the  eyes  had 
received  (fretjuent  irrigation,  etc.). 

Ffces.  Nothing  characteristic  was  found  except  the  same  diplococci  found 
elsewhere.  The  single  specimen  examined  contained  much  mucus,  but  no 
fibrinous  shreds. 

Cultures.  Pure  cultures  of  the  pneumococcua  were  obtained  from  the  exu- 
date from  the  eyes  and  nose,  and  mixed  cultures  of  the  pneumococcus  and 
the  staphylococcus  pyogenes  aureus  from  the  membrane  from  the  mouth  and 
from  the  sputa.  The  diplococcus  did  not  grow  upon  potato,  and  did  not 
liquefy  gelatin.  It  grew  upon  blood-serum,  agar,  glycerin-agar,  and  bouillon. 
It  coagulated  litmus  milk,  with  the  production  of  an  acid  reaction. 

Inoculation,  One  minim  of  a  suspension  of  the  nasal  exudate  in  normal 
saline  solution  was  injected  into  the  peritoneal  cavity  of  a  rabbit,  which  died 
in  twenty-two  hours  with  general  peritonitis  and  septicemia.  The  pneumo- 
coccus was  obtained  in  pure  culture  from  the  heart's  blood,  organs,  and 
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peritoneal  exudate.  Stained  Bmears  from  the  heart's  blood  showed  the 
pnenmococcus  typically  in  pairs,  occasionally  in  short  chains,  with  a  wide 
capsule  surrounding. 

Urine.  Several  urinalyses  were  made  by  Dr.  G.  A.  Himmelsbach,  show- 
ing a  trace  of  albumin,  without  casts,  and  the  general  characteristics  of  an 
acute  febrile  urine. 

The  eyes  were  practically  clear  and  free  from  the  exudate  by  January 
28th.  The  mouth,  throat,  nose,  and  anus  at  this  time  showed  improvement, 
but  the  exudate  was  still  present  in  these  locations  in  considerable  amount. 
The  membrane  on  the  glans  penis  was  less  resistant  and  tended  to  dry  up 
and  disappear  after  a  few  days  with  active  treatment  Gradually,  after 
another  week  or  ten  days,  the  deposit  over  the  other  locations  disappeared, 
after  persisting  for  about  four  weeks  in  spite  of  active  local  treatment  with 
various  antiseptics.  The  tympanites  lasted  about  two  weeks  and  was  a  promi- 
nent feature  of  the  disease.  The  termination  of  the  pneumonic  process  was 
by  gradual  lysis,  as  shown  by  the  accompanying  chart.  The  boy  was  allowed 
to  sit  up  for  the  first  time  about  the  middle  of  February,  and  convalesced 
slowly.  Slight  dulness  with  pleural  crepitation  persisted  over  the  left  base, 
and  was  present  when  the  boy  was  last  examined,  April  20,  1901. 

Little  remains  to  be  said  of  this  case  after  the  recitation  of  the 
facts.  That  the  production  of  a  pseudomembranous  exudate  upon 
the  various  mucous  membranes  was  caused  by  a  specific  local  action 
of  the  pnenmococcus  cannot  be  doubted  in  view  of  the  bacteriologic 
findings.  That  the  pnenmococcus  is  capable  of  causing  such  lesions 
is  attested  by  the  reports  of  various  observers.  This  case  appears 
to  be  unique,  however,  in  the  wide  extent  of  the  process.  Xot 
only  were  involved  nearly  all  the  mucous  membranes  of  the  body 
that  could  be  inspected,  but  probably  the  gastrointestinal  tract  as 
well,  as  evidenced  by  the  prolonged  tympanites  and  the  passage  of 
membranous  shreds  and  mucus  in  the  stools.  No  other  reported 
case  has  shown  such  a  wide  distribution.  It  is  noteworthv  also 
that  the  process  was  not  entirely  confined  to  the  true  mucous  mem- 
branes, as  the  glans  penis  had  been  circumcised  in  early  childhood. 
The  infection  seemed  to  have  been  transplanted  from  one  place  to 
another  by  the  boy's  fingers,  which  were  bloodstained  from  pick- 
ing at  his  nose  and  lips.  The  pleurse  of  both  sides  were  apparently 
involved  in  an  extensive  fibrinous  pleuritis,  and  small  fibrinous  casts 
of  the  finer  tubules  were  found  in  the  sputa.  All  of  these  phenomena 
occurred  as  complications  in  the  course  of  acute  lobar  pneumonia. 
There  were  fortunately  no  signs  of  endocarditis  or  pericarditis. 

As  but  few  cases  of  pneumococcic  pseudomembranous  inflamma- 
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tioQ  of  the  mucous  membranes  are  recorded  in  the  literature,  and 
most  of  these  are  of  recent  date,  it  will  probably  add  to  the  interest 
and  instruction  of  our  case  to  briefly  review  the  cases  that  we  have 
been  abe  to  collect  from  the  literature  by  a  rather  diligent  search. 
Most  of  the  text-books  of  medicine  make  no  reference  to  such  a 
process.  The  cases  may  be  divided  as  those  occurring  in  associa- 
tion with  pneumonia  and  those  occurring  as  a  purely  local  infection 
independent  of  a  pneumonic  process,  as  follows: 

Cases  of  Pseudomembranous  Inflammation  of  Mucous  Membranes 
Occurring  in  Association  with  Pneumonia^  This  class  includes 
(a)  cases  in  which  the  pneumococcic  origin  of  the  croupous  exudate 
upon  the  mucous  membranes  was  not  proved,  but  merely  suggested 
by  its  association  with  pneumonia,  and  (6)  cases  in  which  the  pneu- 
mococcus  was  shown  by  bacteriologic  methods  to  be  the  specific 
agent  in  producing  the  lesion. 

(a)  Pneumococcus  not  Found.  The  earliest  reference  to  croupous 
inflammation  of  mucous  membranes  as  a  complication  of  pneumonia 
that  we  have  found  is  the  statemeot  by  Bristowe,^  in  1879,  that 
^'sometimes  membranous  patches  on  the  mucous  surface  of  the 
large  intestine '^  occurred  in  acute  pneumonia. 

Osler^  was  the  next  (1885)  to  point  out  the  same  condition,  re- 
porting five  cases  of  ^'  croupous  colitis"  in  one  hundretl  autopsies 
on  subjects  dead  of  pneumonia.  The  process  was  represented  usu- 
ally by  a  ''  thin,  flaky  exudation  involving  only  the  surface  of  the 
mucous  membrane.  In  none  of  the  cases  was  there  ulceration.'' 
^*  In  one  case  (Case  III.)  the  cecum  was  covered  with  a  thin  layer 
of  adherent  lymph,  and  scattered  throughout  the  colon  and  sigmoid 
flexure  there  were  numerous  elevated  patches  of  lymph,  about  the 
size  and  shape  of  rupia-crusts,  which  on  section  were  found  firmly 
attached  to  the  mucosa.  In  this  instance  the  process  was  very  ex- 
tensive, and  the  patches  were  thicker  than  in  any  subsequent  case.'' 
In  another  case  in  this  series  of  one  hundred  autopsies  (Case  IV.) 
*^  the  stomach  and  duodenum  were  found  greatly  distended  with 
gas.  The  mucosa  was  pale,  except  about  the  fundus,  where,  just 
to  the  left  of  the  cardia,  there  was  an  extensive  area  of  croupous 
inflammation,  represented  by  a  thick,  adherent,  grayish-white  exu- 
date, covering  an  area  12  by  8  cm.  Beneath  the  mucosa  the  mem- 
brane was  deeply  injected." 
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Massalongo'  is  also  credited  with  having  reported  a  case  of  pseado- 
membranous  enteritis  as  a  complication  of  pneumonia. 

Bardon^  reported  the  case  of  a  man^  aged  twenty-four  jears^  who 
developed  in  the  stage  of  resolution  of  pneumonia  a  pseudomem- 
branous angina  involving  the  entire  pharynx. 

(6)  Pneumococcua  Found.  Weichselbaum*  mentions  briefly  a 
case  of  lobar  pneumonia  and  pleurisy  with  croupous  enteritis. 
The  pneumococcus  was  found  in  the  intestinal  croupous  exudate, 
and  was  demonstrated  by  inoculation  in  animals. 

Netter"  observed  a  boy,  aged  three  years,  with  varicella  and 
urgent  symptoms  of  laryngitis  requiring  tracheotomy,  through  the 
wound  of  which  a  false  membrane  was  expelled,  containing  do 
diphtheria  bacilli,  but  '^  only  pneumocooci  with  beautiful  capsules 
and  of  average  virulence.'^  After  some  days  bronchopneumoDia 
of  both  bases  supervened;  recovery. 

Rochon^  described  the  following  interesting  case :  A  boy,  aged 
two  years,  in  the  course  of  an  attack  of  whooping-cough,  developed 
severe  and  continued  diarrhea,  with  an  eruption  of  vesicles  aboat 
the  anus.  The  examination  of  the  clear  contents  of  the  vesicles, 
obtained  with  aseptic  precautions,  showed  '^  pneumococci  in  pure 
culture ' '  in  smear  preparations.  During  a  severe  fit  of  coughing 
on  the  eighth  day  of  the  diarrhea  a  prolapsus  of  the  rectum  occurred^ 
revealing  the  mucous  membrane  covered  in  places  with  a  pseudo- 
membranous exudate,  which  was  removed  with  difficulty,  leaving 
a  red,  granular  base.  The  exudate,  stained  by  Gram,  showed 
'^  numerous  pneumococci."  Pneumonia  of  the  upper  portion  of 
the  left  lung  developed  on  the  tenth  day  of  the  diarrheal  process, 
and  death  followed  on  the  next  day. 

A.  and  V.  VedeP  described  the  case  of  a  child,  aged  two  years, 
with  bronchopneumonia  at  the  left  base  and  extensive  pseudomem- 
branous deposit  involving  the  entire  pharynx  and  the  palate,  lips, 
and  nasal  cavities;  death  after  seven  days,  from  heart  failure.  In 
the  pseudomembrane  the  pneumococcus  was  found  in  a  state  of 
purity,  grown  in  pure  culture,  and  proved  fatal  to  a  white  rat  after 
injection. 

Ballay  and  Halipre®  reported  the  case  of  a  child,  aged  thirteen 
months,  with  bronchopneumonia,  croupous  exudate  on  both  tonsils, 
and  symptoms  of  laryngeal  stenosis,  supposed  to  be  croupous,  re- 
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quiriDg  intubation.  Cultures  from  the  tonsillar  pseudomembrane 
showed  only  the  pneuraocoocus.  On  the  twelfth  day  purulent  otitis 
media  developed^  but  no  bacteriologic  examination  of  the  discharge 
from  the  ear  was  made.  Convalescence  was  established  on  the 
twenty-fourth  day. 

Comby^^  stated  that  he  had  seen  pneumoeoccic  angina  in  two  cases 
in  infants  precede  pneumonia,  which  at  first  had  the  appearance  of 
diphtheria. 

Griffon^^  observed  in  a  butcher,  twenty-nine  years  old,  in  the 
course  of  acute  pneumonia,  a  pseudomembranous  inflammation 
involving  the  buccal  mucous  membrane  opposite  the  molars  on  the 
left  side,  both  tonsils,  the  palate,  and  the  pharynx  in  an  extensive 
network.  Pure  cultures  of  the  pneumococcus  were  obtained  from 
the  pseudomembrane,  and  proved  fatal  to  a  mouse  after  injection. 
The  croupous  exudate  disappeared  in  a  few  days.  Tympanites  was 
noted.  A  specific  agglutinating  reaction  was  claimed  to  have  been 
obtained  on  cultures  of  the  pneumococcus  with  the  patient's  blood. 

Coses  of  PseudomembranoiLS  Inflammation  of  Mucous  Membranes 
of  Pneumoeoccic  Origin,  Independent  of  Pneumonia,  Jaccoud,*^ 
who  claims  priority  (1891)  in  establishing  the  existence  of  pseudo- 
membranous angina  caused  by  the  pneumococcus,  reported  the  ease 
of  a  young  man,  nineteen  years  of  age,  who  was  suddenly  taken 
with  a  chili  and  fever,  and  showed  on  the  second  day  a  pseudomem- 
branous exudation  on  both  tonsils,  the  anterior  pillars  of  the  fauces, 
and  the  uvula.  The  false  membrane  showed  all  the  histologic 
characteristics  of  the  true  diphtheritic  membrane,  except  the  pres- 
ence of  the  Klebs-Loeffler  bacillus.  M^n^trier,  who  made  the 
bacteriologic  examinations,  found  **  pneumococci  in  great  abun- 
dance and  almost  pure''  in  the  exudate,  and  cultures  and  inocula- 
tion experiments  made  by  him  '^  leave  no  doubt  in  this  regard," 
i.  e,y  the  pneumoeoccic  origin  of  the  process.  The  pseudomem- 
branous process  had  ceased  its  activity  by  the  ninth  day,  and  the 
patient  was  well  on  the  seventeenth  day  of  the  disease. 

The  same  author^^  reported  two  similar  cases  in  1893,  one  a 
woman,  aged  twenty-six  years,  the  other  a  girl  of  seventeen  years, 
both  with  pseudomembranous  inflammation  of  the  tonsils,  which 
made  its  appearance  on  the  second  day  of  the  illness.  In  both 
cases  Martin  found   ^'  pneumococci   in   abundance   in  a  state  of 
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purity,  or  sometimes  accompanied  by  streptococci."  The  onset 
of  the  disease  was  marked  by  chill,  shaking,  and  abrupt  rise  of 
temperature.  Both  cases  terminated  with  recovery  in  three  or  four 
days.  Based  upon  his  three  cases,  Jaccoud  attempted  to  draw  a 
differential  picture  of  pneumococcic  angina,  characterized  by  sudden 
onset,  with  chill,  shaking,  abrupt  rise  of  temperature,  short  dura- 
tion, and  favorable  course. 

Seuvre^*  observed  a  boy,  eight  years  old,  who,  in  the  course  of 
an  attack  of  grippe,  developed  an  erythematous  angina  with  signs 
of  laryngeal  stenosis,  requiring  tracheotomy,  through  the  wound 
of  which  a  false  membrane  was  expelled  giving  a  pure  culture  of 
pneumococcus.     Diphtheria  bacilli  were  absent. 

Comba^*  reported  a  case  of  pseudomembranous  tonsillitis  and 
double  pseudomembranous  conjunctivitis  in  a  child  of  seven  moDths, 
due  to  the  pneumococcus. 

AbeP*  reported  a  pseudomembranous  inflammation  in  a  boy  of 
thirteen  years,  limited  to  the  anterior  nares,  which  finally  disap- 
peared after  fourteen  days.  The  deposit  showed  pneumococci  in 
great  abundance  and  a  very  few  other  organisms,  but  no  diphtheria 
bacilli.  Cultures  and  animal  experiments  showed  that  the  pneu- 
mococcus was  the  only  pathogenic  organism  in  the  exudate. 

The  earliest  reference  to  pseudomembranous  conjunctivitis 
ascribed  to  the  pneumococcus  is  in  the  thesis  by  Morax,*'  who 
reported  four  cases  from  Parinaud's  clinic,  observed  in  the 
autumn  of  1893,  in  infants  ranging  from  eight  days  to  two  and 
one-half  years  in  age.  The  process  was  characterized  by  the  pres- 
ence of  pseudomembranous  exudation  on  the  lower  lids,  in  which 
the  pneumococcus  was  found  pure  and  in  abundance.  The  organism 
was  grown  in  pure  culture  and  recovered  from  animals  dead  after 
injection.  The  affection  was  always  unilateral,  running  a  short 
and  benign  course.  The  bulbar  conjunctiva  was  never  involved  in 
the  deposit. 

Parinaud^^  reported  cases  of  lacrimal  conjunctivitis  in  the  new- 
born in  the  first  few  days  of  life,  showing  fibrinous  deposits  or 
flakes  mixed  with  the  tears  in  the  inferior  cul-de-sac.  In  twelve 
cases  the  pneumococcus  was  found  in  abundance  in  the  conjunctival 
secretion  and  grown  in  pure  culture  by  Morax.  The  gonocoecus 
and  Weeks  bacillus  were  totally  absent.     "  This  pneumococcic  con- 
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janctivitis  of  the  newborn,  as  well  as  that  of  older  infants,  which 
Morax  and  I  have  described,  may  become  pseudomembranous 
without  ceasing  to  be  benign,  at  least  according  to  my  observation/' 

Gifford^*  reported  cases  of  pure  pneumococcus  conjunctivitis,  and 
stated  that  he  had  also  observed  in  these  cases,  as  previously  pointed 
out  by  Grasparini,^  a  fine  pellicle  of  fibrin  which  could  be  wiped 
off  from  the  everted  upper  tarsus,  which  had  not  been  observed  in 
conjunctivitis  due  to  the  Weeks  bacillus. 

Axenfeld^^  encountered  a  school  epidemic  of  conjunctivitis,  in- 
volving twenty-four  persons,  showing  pseudomembranous  flakes. 
Cover- glass  specimens,  as  well  as  cultures  from  the  pseudomem- 
branous exudate,  showed  characteristic  pneumococci,  and  they 
were  confirmed  as  such  by  Professor  Behring.  Animal  inocula- 
tions resulted  in  typical  pneumococcus  septicemia.  The  process 
ran  its  course  in  from  three  to  ten  days.  Small  ocular  subconjunc- 
tival hemorrhages  were  noted. 

As  will  have  been  observed,  most  of  these  reported  cases  of  pneu- 
mococcus conjunctivitis  were  of  a  character  that  could  hardly  be 
described,  strictly  speaking,  as  pseudomembranous — i.  e.,  with  an 
adherent  fibrinous  exudate  on  the  conjunctiva — but  were  character- 
ized by  the  presence  of  small  fibrinous  shreds  in  the  exudate  of  the 
eye,  sometimes  lightly  adherent  to  the  mucous  membrane  of  the 
lids.  As  a  similar  condition  may  often  be  found  in  the  eye  in 
almost  any  kind  of  acute  conjunctivitis,  it  seems  impracticable  to 
draw  any  sharp  and  fast  distinction  between  such  cases  and  those 
that  are  more  positively  of  a  pseudomembranous  nature.  Within 
the  past  five  years  rather  numerous  cases^  of  pneumococcus  conjunc- 
tivitis have  been  reported,  but  they  have  generally  been  without 
any  definite  pseudomembranous  deposit.  Such  was  the  condition, 
also,  in  the  case  which  we  have  described.  The  explanation  of 
the  relative  freedom  of  the  eye  from  croupous  deposits  is  doubtless 
found  in  the  mechanical  difficulties  offered  to  the  development  of 
such  a  process  by  the  natural  irrigation  and  drainage  of  the  eye. 

In  addition  to  the  above  cited  cases,  which  were  reported  more 
or  less  circumstantially,  occasional  references  are  also  found  in  the 
literature  to  possible  cases  of  true  pneumococcic  pseudomembranous 
angina,  in  which  the  pneumococcus  is  merely  mentioned  as  occasion- 
ally found  in  or  grown  from  the  croupous  exudate  in  a  small  percent- 
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age  of  a  long  series  of  cases  of  croupous  angina  studied  bacterio- 
logically,  as,  for  instance,  in  the  reports  by  Carl  Janson,^  De  Blas^ 
and  Russo-Travali,**  Cassedebat,**^  and  others.  The  mere  mention 
of  finding  pneumococci  in  such  cases  cannot,  of  course,  be  accepted 
as  proof  of  the  etiologic  relation  of  this  organism  to  the  morbid 
process,  for  it  is  well  known  that  occasional  pneumococci  may  be 
found  in  the  throats  of  a  considerable  proportion  of  healthy  persons, 
usually  estimated  at  20  per  cent,  and  can  be  grown  in  culture  from 
such  throats.  Therefore,  unless  the  pneumocoocus  be  found  in  pare 
culture,  or  else  as  the  predominating  organisms  in  the  exudate,  its 
presence  is  of  not  much  significance. 

The  above  cases,  in  which  the  pneumocoocus  was  demonstrated 
as  the  cause  of  a  local  croupous  inflammation,  have  all  been  re- 
ported within  the  last  dozen  years,  and  it  is  thus  shown  how  recent 
is  the  recognition  of  the  pneumocoocus  as  an  agent  capable  of 
exciting  localized  pseudomembranous  inflammation  of  the  muooos 
membranes  of  different  parts  of  the  body.  Doubtless  it  is  not  so 
rare  an  agent  in  this  condition  as  might  be  supposed  from  the 
paucity  of  reported  cases,  and  will  be  shown  by  future  investigation 
to  be  a  not  uncommon  cause  of  pseudomembranous  inflammation  o^ 
the  mucous  membrane  outside  of  the  lungs. 

There  is  nothing  to  distinguish  the  nature  of  the  process  from 
the  similar  condition  associated  with  the  diphtheria  bacillus  or  the 
streptococcus,  except  the  bacteriologic  examination,  which  should 
be  made  in  all  cases  of  pseudomembranous  inflammation.  The 
clinical  course  described  by  Jaccoud,**  Weinberg,^  and  Gaultiei* 
as  characteristic  of  pneumocoocus  croupous  angina""  had  no  counter-* 
part  in  our  case,  and  would  be  of  no  value  for  excluding  diphtheria, 

*  We  haye  limited  ounelvee  in  this  paper  to  a  diacossion  of  pneumococcic  Inflammation  re- 
sulting in  psendomembranous  exudation.    It  might  be  remarked,  however,  that  the  pneamo- 
coccus  has  been  demonstrated  as  the  cause  of  inflammation  of  the  mucous  membranes  of  sll 
the  following  varieties :  erythematous,  follicular,  herpetic,  pseudomembranous,  and  lappo- 
rative.    For  a  comprehensive  discussion  of  these  different  varieties  of  pneumococcic  angins 
and  cases  from  the  literature  up  to  1896,  see  Gaultier's  thesis  (loo.  dt).  In  view  of  the  occunenoe 
of  a  herpetic  or  vesicular  form  of  inflammation  and  the  discovery  of  the  pneamoooccos  pure 
In  the  contents  of  the  vesicles,  both  in  the  throat  and  about  the  anus.  It  would  be  intererting 
to  make  observations  on  the  contents  of  the  herpes  labialls,  so  commonly  seen  in  pneumonia 
It  appears  likely  that  these  vesicles  are  caused  by  a  local  development  of  pneumoooocl 
which  would  be  found  in  the  contents  of  the  vesicles.    We  regret  that  such  examination  wii 
not  made  in  our  case,  and  that  we  did  not  also  examine  the  contents  of  the  large  vesicles  tlist 
developed  upon  the  chest,  though  in  the  latter  case  we,  naturally  enough,  assumed  the  eraption 
to  be  merely  the  result  of  the  local  irritation  of  the  turpentine  that  had  been  applied. 
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which  may  show  the  same  clinical  picture.  As  a  rule,  the  cases 
have  been  mild,  and  after  a  short  course  have  ended  in  recovery. 
How  refractory  to  treatment,  how  long  continued,  and  how  infec- 
tious the  process  may  exceptionally  be  are  illustrated  by  our  case. 
Most  cases  occur  in  childhood,  though  adults  in  the  prime  of  life 
are  sometimes  affected.  The  mucous  membranes  of  almost  any  part 
of  the  body  may  be  involved,  as  illustrated  by  the  cases  cited.  The 
process  may  be  very  limited  or  very  extensive  and  almost  general. 
It  may  occur  in  association  with  pneumonia  during  some  part  of  its 
course,  or  may  be  quite  independent  of  any  pulmonary  involvement. 
Local  germicidal  agents  have  usually  been  employed  with  apparent 
success,  but  failed  entirely  to  have  any  good  effect  in  our  case. 
Whether  due  to  it,  or  independently  of  it,  and  merely  coincident 
with  its  use — we  would  not  venture  an  opinion — ^the  process  tended 
rather  promptly  to  ameliorate  and  disappear  upon  the  administra- 
tion by  mouth  of  drachm  doses  of  fresh  brewer's  yeast. 

In  conclusion,  we  take  pleasure  in  acknowledging  our  indebted- 
ness to  Professor  William  H.  Welch,  of  Baltimore,  for  his  very 
generous  assistance  in  referring  us  to  cases  in  the  literature. 
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OBSERVATIOXS  OX  THE  FREQUENCY  AND 

DIAGNOSIS  OF  THE  FLINT  MURMUR 

IN  AORTIC  INSUFFICIENCY. 

By  WILLIAM  SYDNEY  THAYER.  M.D., 

OP  BALTIMORE. 


In  1862,  Austin  Flint,  in  an  article  on  cardiac  murmurs,^  called 
attention  to  the  occasional  existence,  in  uncomplicated  aortic  insuffi- 
ciency, of  a  presystolic  murmur  limited  to  the  region  of  the  cardiac 
apex,  and  distinct  from  the  cliaracteristic  murmur  of  aortic  regurgi- 
tation. This  sound  occurred  in  the  latter  part  of  diastole,  was  loud 
and  blubbering,  and  had  all  the  characteristics  of  a  mitral  direct 
presystolic  murmur.  Flint  recognized  it  as  such,  and  offered  the 
following  explanation  :  "  The  explanation  involves  a  point  con- 
nected with  the  physiologic  action  of  the  auricular  valves.  Experi- 
ments show  that  when  the  ventricles  are  filled  with  a  liquid  the 
valvular  curtains  are  floated  away  from  the  ventricular  sides, 
approximating  to  each  other  and  tending  to  closure  of  the  auricular 
orifice.  In  fact,  as  shown  by  Drs.  Baumgarten  and  Hamerik,  of 
Germany,  a  forcible  injection  of  liquid  into  the  left  ventricle 
through  the  auricular  opening  will  cause  a  complete  closure  of  tliis 
opening  by  the  coaptation  of  the  mitral  curtains,  so  that  these 
authors  contend  that  the  natural  closure  of  the  auricular  orifices  is 
effected  not  by  the  contraction  of  the  ventricles,  but  by  the  forcible 
current  of  blood  propelled  into  the  ventricles  by  the  auricles.  How- 
ever this  may  be,  that  the  mitral  curtains  are  floated  out  and  brought 
into  apposition  with  each  other  by  simply  distending  the  ventricular 
cavity  with  liquid,  Ls  a  fact  sufficiently  established  and  easily 
verified.  Now,  in  cases  of  considerable  aortic  insufficiency  the  left 
ventricle  is  rapidly  filled  with  blood  flowing  back  from  the  aorta, 
as  well  as  from  the  auricle  before  the  auricular  contraction  takes 

1  American  Jonrnal  of  the  Medical  ScloDces,  1862,  iv.  s.,  xIIt.  29. 
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place.  The  distention  of  the  ventricle  is  such  that  the  mitral  cur- 
tains are  brought  into  coaptation,  and  when  the  auricular  contractdon 
takes  place  the  mitral  direct  current  passing  between  the  curtains 
throws  them  into  vibration  and  gives  rise  to  the  characteristic 
blubbering  murmur.  The  physical  condition  is,  in  effect,  analogous 
to  contraction  of  the  mitral  orifice  from  an  adhesion  of  the  curtaius 
at  their  sides,  the  latter  condition,  as  clinical  observation  abundantly 
proves,  giving  rise  to  a  mitral  direct  murmur  of  similar  character/' 

In  1883,  Dr.  Keyt,'  while  disputing  Flint^s  explanation  of  the 
origin  of  the  murmur,  suggesting  that  it  might  arise  at  the  aorta 
in  systole,  proposed  that  it  be  called  the  murmur  of  Flint,  a  term 
which  has  since  been  used  by  many.  In  1883,  Flint*  recorded 
another  observation  of  the  same  nature,  and  in  1886  discussed  the 
subject  at  length  in  an  article  in  The  American  Journal  of  the 
Medical  Sciences}  Since  this  time  the  phenomenon  has  been 
recognized  by  numerous  clinicians. 

Most  observers  who  have  recognized  the  Flint  murmur  have 
agreed  on  considering  its  occurrence  unusual.  Guit^ras,  however, 
sixteen  years  ago,*  expressed  the  belief  "  that  obstructive  functional 
mitral  murmurs  are  of  frequent  occurrence  in  aortic  r^urgitation." 
He  suggested  that  the  obstruction  offered  by  the  partially  closed 
mitral  valves,  at  the  time  of  the  entrance  of  the  auricular  blood, 
might  ser\^e  in  the  manner  of  a  safety-valve  and  help  to  prevent 
over-distention  of  the  ventricle.  Guit6ras*  reported  three  character- 
istic cases  and  expressed  a  modification  of  Flint's  theory  as  to  the 
manner  of  origin  of  this  murmur,  asserting  that  in  aortic  r^rgita- 
tion  the  mitral  leaflets  are  not  "  floated  upward,"  but  are  actively 
driven  against  the  auricular  blood  by  the  force  of  the  general 
arterial  tension  ;  that  such  force  is,  in  all  probability,  often  exerted 
against  the  anterior  leaflet  of  the  mitral  valve  by  a  regurgitant  cur- 
rent which  falls  directly  upon  it. 

OsleH'  also  asserts  that  this  murmur  occurs  in  a  considerable  pro- 
portion of  all  cases. 

1  Boston  Medical  and  Surgical  Journal,  1883,  cix.  80. 
«  Lancet,  London,  1883,  i.  131. 

*  American  Journal  of  the  Medical  Sciences,  1886,  zcL  35. 
4  Medical  News,  PhUadelphia,  1885,  xMl.  533. 

&  TBANS ACTIONS  OP  THE  ASSOCIATION  OP  AMERICAN  PHYSICIANS,    1887,   11.  39;  alflO,  BostOD 

Medical  and  Sargical  Jonrnal.  1887,  cxtII. 

•  Practice  of  Medicine,  New  York.  1898,  8vo.,  8d  ed.,  p.  714. 
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In  Gibson's  recent  work,^  after  a  thorough  discussion  of  Flint's 
description  of  this  murmur,  and  a  review  of  the  literature  on  the 
subject,  there  appear  the  following  words :  **  Being  thoroughly 
conversant  with  Flint's  views  since  the  appearance  of  his  second 
paper,  the  points  under  discussion  have  been  diligently  sought  for 
by  us  ;  so  far,  however,  without  result.  Cases  have  frequently 
presented  themselves,  no  doubt,  in  which,  with  absolute  evidence 
of  aortic  disease,  there  has  been  a  presystolic  murmur,  but  in  every 
one  of  these,  without  exception,  post-mortem  examination  has 
revealed  mitral  obstruction  as  well  as  aortic  lesions." 

My  attention  was  first  called  to  the  subject  fourteen  years  ago  by 
Guit^ras'  article,  and  two  years  later,  while  house  physician  at  the 
Massachusetts  General  Hospital,  I  had  the  good  fortune  to  observe 
a  case  in  which  my  diagnosis  of  Flint  murmur  was  confirmed  by 
necropsy.  Since  that  time  I  have  been  impressed  with  the  fact  that 
the  Flint  murmur  is  a  far  commoner  manifestation  than  might  be 
inferred  from  the  usual  statements  in  literature.  It  has,  therefore, 
seemed  to  me  that  it  might  be  of  considerable  interest  to  analyze 
the  clinical  and  pathologic  records  of  those  cases  of  aortic  insuffi- 
ciency which  have  come  to  necropsy  in  Professor  Osier's  clinic  at 
the  Johns  Hopkins  Hospital. 

A  majority  of  these  cases  have  been  under  my  personal  observa- 
tion. 

The  purpose  of  this  investigation  is  to  reach  some  conclusion  as 
to  the  frequency  of  this  phenomenon  and  the  grounds  upon  which  a 
diagnosis  may  be  made  hUra  vitam. 

Inquiry  into  the  exact  physical  cause  of  the  murmur  will  be 
beyond  the  limits  of  tliis  communication. 

Since  May,  1889,  74  cases  of  aortic  insufficiency  have  come  to 
necropsy  at  the  Johns  Hopkins  Hospital.  In  45,  or  60.8  per  cent., 
of  these  cases  there  was  heard,  at  some  time  during  the  observation 
of  the  patient,  a  rumbling,  echoing  murmur  in  diastole,  limited  to 
the  region  of  the  apex,  and  differing  from  the  diastolic  murmur  of 
aortic  insufficiency ;  in  other  words,  a  murmur  exactly  similar  to 
that  characteristic  of  stenosis  of  the  mitral  valve.  This  murmur,  in 
the  great  majority  of  instances,  was  truly  presystolic  in  time,  ending 

I  Diseases  of  the  Heart  and  Aorta,  Edinburgh,  1898,  8to.  p.  497. 
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sharply  in  the  first  sound,  or  in  a  systolic  murmur.  In  some  cases 
it  was  separated  by  a  short  interval  from  the  first  sound,  occurring 
in  the  middle  of  diastole. 

In  12,  or  26.6  per  cent.,  of  these  cases  there  existed  a  stenosis  of 
the  mitral  valve  as  well  as  aortic  insufficiency. 

In  33,  or  73.3  per  cent.,  the  mitral  orifice  was  of  normal  or  in- 
creased circumference. 

In  all  of  the  12  cases  in  which  there  was  an  actual  mitral  stenosis, 
the  anatomic  lesion  was  an  endocarditis.  In  one  instance  there 
was  also  general  arterio-sclerosis. 

Of  the  remaining  33  cases  without  mitral  stenosis,  the  endocardial 
changes  were  part  of  a  general  arterio-scl erotic  process  in  16 ;  in  17 
there  was  chronic  or  acute  endocarditis.  In  4  of  these  latter 
instances  there  was  a  general  arterio-sclerosis  as  well. 

Of  the  33  cases  of  aortic  insufficiency  in  which,  without  mitral 
stenosis,  a  rumbling,  vibratory  presystolic  murmur  limited  to  the 
region  of  the  apex  was  observed,  the  condition  of  the  mitral  valve, 
beyond  the  dilatation  of  the  orifice  which  is  the  rule  in  well-marked 
aortic  insufficiency,  was  absolutely  normal  in  17  instances. 

In  16  greater  or  less  change  was  present. 

Of  these  16  cases,  in  4  instances  the  changes  consisted  simply 
in  a  slight  thickening  of  the  free  edges  of  the  curtains ;  in  8  the 
changes  were  those  of  chronic  endocarditis  without  stenosis ;  in  3 
there  was  subacute  vegetative  endocarditis,  quite  insufficient  to  have 
caused  the  presystolic  murmur ;  in  1  there  were  rather  large  fresh 
vegetations,  which  might  have  been  sufficient  to  cause  a  murmur  in 
diastole. 

Of  the  16  cases  in  which  there  were  changes  in  the  mitral  valve 
other  than  stenotic,  the  lesions  were  part  of  a  general  arterio-sclerotic 
process  in  4,  or  25  per  cent. ;  in  12,  or  75  per  cent,  the  changes 
were  those  of  chronic  or  acute  endocarditis.  In  one  of  these  cases 
there  was  also  a  general  arterio-sclerosis. 

Of  the  17  instances  in  which  the  mitral  orifice  was  normal,  in  12, 
or  70.5  per  cent.,  the  changes  in  the  aortic  valve  were  secondary  to 
a  general  arterio-sclerosis  and  atheroma  of  the  aorta ;  in  0  there  was 
chronic  valvular  endocarditis ;  in  3  of  these  latter  cases  there  was 
also  a  general  arterio-sclerosis. 

In  29,  or  39.1  per  cent.,  of  the  74  cases  of  aortic  insufficiency  no 
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presystolic  murmur  was  heard.    In  4  of  these  cases  there  was  mitral 
stenosis. 

Of  the  remaining  25  cases,  in  10,  or  40  per  cent.,  the  mitral 
valves  were  essentially  normal;  in  the  other  15,  or  60  percent., 
more  or  less  marked  chronic  or  acute  alterations  in  the  valves  or 
chordje  tendime  were  present. 

In  16,  or  64  per  cent.,  of  these  cases  the  process  was  apparently 
secondary  to  a  general  arterio-sclerosis ;  in  8,  or  32  per  cent.,  the 
condition  was  the  result  of  chronic  or  acute  endocarditis ;  in  1  the 
lesion  of  the  aortic  valves  was  apparently  congenital. 

On  considering  these  figures  one  or  two  interesting  facts  become 
evident : 

With  Regard  to  (he  Frequency  of  Mitral  Presystolic  Mw*mur  in 
Aortic  Insufficiency  Uncomplicated  with  Mitral  Stenosis, 

Out  of  58  cases  such  a  murmur  was  heard  in  33,  or  56.8  per  cent. 

One  might  insist  that  this  |3ercentage  is  too  large  in  that  I  have 
included  among  these  33  instances  16  in  which  chronic  or  acute 
changes  other  than  stenotic  were  present  in  the  mitral  valve.  Might 
not  these  changes,  after  all,  have  played  a  certain  part  in  the  pro- 
duction of  the  presystolic  murmur  ?  While  it  may  be,  as  held  by 
Phear,*  that  marked  shortening  of  the  chordae  tendinse  alone  may 
sometimes  result  in  a  presystolic  murmur,  yet  this  event  is  assuredly 
rare.  And  the  following  figures  suggest  that  changes  in  the  mitral 
valve  other  than  stenotic  have  little  effect  on  the  production  of  a 
presystolic  murmur : 

Out  of  27  cases  of  aortic  insufficiency  in  which  the  mitral  valve 
was  anatomically  absolutely  normal,  a  presystolic  murmur  was  heard 
in  17,  or  62.8  per  cent. 

Out  of  31  instances  of  aortic  insufficiency  in  which  the  mitral 
valve  showed  greater  or  less  change  other  than  stenosis,  a  presystolic 
murmur  was  heard  in  16  instances,  or  51.6  per  cent. 

It  would  then  appear  to  be  clear  that  disease  of  the  mitral  valve 
other  than  stenosis  has,  in  our  cases,  played  no  essential  part  in  the 
production  of  a  presystolic  murmur. 

1  Lancet,  1895,  vol.  ii.  p.  716. 


398  THATBR, 

The  majority  of  our  cases^  then,  of  aortic  insufficiency  have 
showed,  on  careful  examination,  a  Flint  murmur — that  is,  a  presys- 
tolic or  late  diastolic  rumbling  or  echoing  murmur  heard  in  the 
region  of  the  apex — ^a  murmur  clearly  independent  of  organic  mitral 
stenosis. 

Is  it  Pomble  to  Distinguish^  Intra  VUam,  Cases  of  Aortic  Insufficiency 
with  Flint  Mwniurfrom  those  CompUcaied.  wiUi  Mitral  Stenosis* 

It  may  be  well  to  consider,  first,  the  relative  frequency  of  some 
of  the  more  characteristic  physical  signs  of  mitral  stenosis.  The 
following  are,  perhaps,  among  the  more  important : 

1 .  The  character  of  the  pulse,  which,  as  a  rule,  is  small,  and,  in 
condition  of  good  compensation,  of  tolerably  good  tension,  often 
irregular. 

2.  The  Character  of  Uie  Cardiac  Impulse,  The  sharp,  tapping, 
systolic  shock  is,  perhaps,  one  of  the  most  constant  and  character- 
istic signs  of  mitral  stenosis. 

3.  The  thrill,  presystolic  or  sometimes  mid-diastolic  in  time,  and 
limited  closely  to  the  apex  region. 

4.  The  evidences  of  right-sided  hypertrophy  and  the  acceniuaied 
second  pulmonary  sound,  which,  however,  are  not  especially  impor- 
tant in  the  present  consideration. 

5.  The  Pres^ystolic  Murmur,  There  are  few  more  characteristic 
signs  than  the  rumbling,  rasping  or  softer  echoing,  vibratory,  cres- 
cendo, presystolic  murmur,  ending  sharply,  as  it  usually  does,  in  a 
snapping  first  sound.  Sometimes,  when  the  heart's  action  is  slow, 
there  may  be  a  momentary  separation  between  the  end  of  the 
rumbling  murmur  and  the  occurrence  of  the  first  sound. 

6.  The  >^napping  First  Sound,  The  modification  of  the  first 
sound  is  also  a  very  characteristic  element  in  mitral  stenosis — ^the 
first  sound  which  has  the  short,  snapping,  valvular  character  of  a 
second  sound.  An  element  of  this  snapping  sound  is  often  present, 
even  when  a  well-marked  systolic  murmur  occurs. 

In  many  instances  when  thrill  and  presystolic  murmur  are  entirelv 
absent  a  snapping  valvular  first  sound,  in  connection  with  a  small 
pulse,  a  dilated  right  heart,  and  an  accentuated  second  pulmonic 
sound,  may  be  sufficient  to  justify  a  diagnosis. 
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An  analysis  of  the  physical  signs  in  22  cases  of  uncomplicated 
mitral  stenosis  which  have  come  to  necropsy  at  the  Johns  Hopkins 
Hospital  reveals  the  following  facts : 

1.  Pvl8€.  In  all  but  three  of  these  cases  (86.3  per  cent.)  the 
pulse  was  of  small  size.  In  three  instances  where  the  stenosis  was 
of  very  slight  extent  the  pulse  was  described  as  of  fairly  good  size. 

2.  ThrilL    A  thrill  was  present  in  1 2,  or  54.5  per  cent.,  of  the  cases. 

3.  Systolic  Shock.  A  tapping  systolic  shock  was  present  in  15, 
or  68.1  per  cent.,  of  the  cases. 

4.  Snapping  First  Sound.  A  characteristic  snapping,  valvular 
first  sound  was  audible  in  15,  or  68.1  per  cent. 

5.  Presystolic  Murmur.  A  presystolic  murmur,  the  most  char- 
acteristic of  the  cardiac  signs,  was  present  in  17,  or  77.2  per  cent., 
of  the  cases. 

The  most  important  signs,  then,  of  mitral  stenosis  in  order  of 
frequency  are  the  presystolic  murmur,  the  tapping  shock  of  the  first 
sound,  the  short,  valvular,  snapping  first  sound,  the  presystolic 
thrill,  in  association  with  the  small  pulse,  the  accentuated  second 
pulmonic  sound,  and  the  enlargement  of  the  right  side  of  the  heart. 

Are  these  signs  modified  in  cases  of  mitral  stenosis  combined  with 
aortic  regurgitation  ? 

Let  us  examine  our  records  with  regard  to  the  character  of  the 
signs  in  cases  of  this  nature. 

Sixteen  such  cases  came  to  necropsy. 

In  2  of  these  16  cases  there  were  no  symptoms  whatever  of  mitral 
stenosis.  One  of  these  was  a  case  of  marked  aortic  stenosis,  with 
insufficiency  and  slight  narrowing  of  the  mitral  orifice ;  in  another 
case,  seen  only  in  extremisy  but  a  slight  presystolic  thrill  at  the  apex 
was  noted. 

1.  Pulse.  In  1  of  these  16  instances,  that  combined  with  aortic 
stenosis,  there  was,  naturally,  a  small  pulse ;  in  4  the  pulse  was  large 
and  collapsing,  but  in  1  the  statement  is  made  that  it  was  not  of  a 
typical  Corrigan  quality ;  in  3  it  was  noted  that  the  pulse  was  of 
moderate  size  and  collapsing ;  in  1  a  collapsing  character  alone  was 
mentioned;  in  3  it  was  noted  that  the  pulse  was  small,  but  col- 
lapsing ;  in  3  the  pulse  was  small,  but  no  especial  mention  of  its 
aortic  character  was  noted ;  in  1  it  was  especially  noted  that  the 
pulse  was  not  of  aortic  quality. 
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2.  Thrill,  Of  these  16  cases,  a  presystolic  thrill  was  present  in 
8,  or  50  per  cent. 

3.  Systolic  Shock,  A  tapping  systolic  shock  was  noted  in  7,  or 
43.7  per  cent. 

4.  Snapping  First  Sound.  A  snapping  first  sound  >vas  beard  in 
12,  or  75  per  cent. 

5.  Presystolic  Murmur.  A  presystolic  murmur  was  present  in 
12,  or  75  per  cent. 

The  most  constant  and  characteristic  symptoms  here,  as  in  uncom- 
plicated mitral  stenosis,  are  the  presystolic  murmur  and  the  tapping 
eharacter  of  the  first  sound. 

In  10  of  these  cases,  where  the  aortic  lesion  was  the  more  impor- 
tant, the  degree  of  hypertrophy  of  the  left  ventricle  was  marked. 
In  five,  however,  where  the  mitral  stenosis  was  of  considerable 
extent,  there  was  but  a  moderate  enlargement  of  the  left  side  in 
association  with  a  rather  small  pulse.  In  1,  where  the  aortic  lesion 
was  apparently  primary,  there  was  marked  hypertrophy,  with  a 
small  collapsing  pulse. 

The  following  table  may  serve  to  empliasizc  the  modifications  of 
the  more  essential  signs  of  mitral  stenosis  observed  in  cases  com- 
plicated with  aortic  insufficiency : 

Table  I. 

Uncomplicated  Mitml  stenosis  and 

mitral  stenosis.  aortic  insufficiency. 

Small  pulse    ......  86.3  per  cent.  37.5  per  cent. 

Thrill M.5       "  50 

Tapping  systolic  shock        .        .        .  68.1        "  43.7       " 

Snapping  first  sound    ....  68.1       "  75 

Presystolic  murmur      ....  77.2       "  75 


A  consideration  of  these  figures  would  appear  to  show  that  the 
ordinary  signs  of  mitral  stenosis  are  not  essentially  changed  when 
this  condition  is  complicated  with  aortic  insufficiency,  with  the 
exception  of  the  fact  that  the  pulse  in  the  latter  condition  is  often 
of  a  larger  size  and  collapsing  and — a  modification  of  some  interest 
— that  the  tapping  character  of  the  systolic  shock  is  considerably 
less  frequent. 

Let  us  now  compare  with  these  figures  the  results  of  our  analysis 
of  the  symptoms  in  33  cases  of  aortic  insufficiency  with  Flint 
murmur. 


FLINT    MURMUR    IN    AORTIC    IN8UFPICIBNCY.        401 

1.  The  Puke.  Of  33  cases  of  aortic  insufficiency  uncomplicated 
with  mitral  stenosis  in  which  Flint  murmur  was  heard,  1  was  asso- 
ciated with  aneurism  of  the  aorta ;  1  with  a  slight  aortic  stenosis, 
while  in  another  the  patient  was  moribund  and  the  pulse  was  impal- 
pable at  the  wrist.  In  1  no  satisfactory  note  could  be  found,  and 
in  another  instance  the  only  note  was  made  toward  the  fatal  termi- 
nation of  the  case,  during  a  pericarditis. 

In  the  remaining  28  cases  a  typical  Corrigan  pulse  was  noted  in 
14,  or  50  per  cent.  In  4  the  pulse  was  of  typically  aortic  character, 
with  the  exception  of  the  fact  that .  the  size  was  hardly  as  large  as 
is  commonly  noted.  In  4  the  pulse  was  collapsing,  but  no  note 
was  made  of  the  size.  In  1  the  statement  is  made  that  the  pulse  is 
slightly  collapsing  in  character.  In  3  the  pulse  was  said  to  be  of  a 
somewhat  aortic  character.  In  2  it  was  simply  noted  that  the  pulse 
was  compressible.  In  1  the  statement  is  made  that  the  pulse  was 
of  fair  volume  and  good  tension. 

In  none  of  these  instances  was  the  pulse  described  as  small. 

2.  ThriU.  In  33  cases  of  aortic  insufficiency  with  Flint  murmur 
a  palpable  thrill  was  observed  in  14,  or  42.4  per  cent. 

3.  Tapping  Systolic  Shock.  A  characteristic  tapping  systolic 
shock  was  noted  in  but  5,  or  15.1  per  cent.,  of  the  cases,  and  in  2 
of  these  instances  the  tapping  character  was  slight  or  inconstant. 

4.  Snapping  First  Soxmd.  Of  33  cases  of  aortic  insufficiency  with 
Flint  murmur  the  first  sound  was  of  a  snapping  valvular  character 
in  but  10,  or  30.3  per  cent.  In  2  of  these  instances  the  snapping 
character  was  very  slight,  and  in  a  third  inconstant,  having  been 
noted  only  during  attacks  of  tachycardia. 

A  better  estimate  of  the  differences  in  the  physical  signs  in  aortic 
insufficiency  complicated  with  true  stenosis  may  be  made  from  a 
study  of  the  following  table  in  which  the  symptoms  in  cases  with 
Flint  murmur  are  placed  side  by  side  with  those  in  uncomplicated 
mitral  stenosis  and  combined  mitral  stenosis  and  aortic  insuffi- 
ciency. For  the  sake  of  a  fairer  comparison  only  those  cases  of 
true  mitral  stenosis  and  mitral  stenosis  complicated  with  aortic 
insufficiency  have  been  tabulated  in  which  a  presystolic  murmur 
was  present. 
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Table  II.- 

Unoomplicated 

Mitral  stenouls  and 

Aortic  insufficiency 

mitral  stenoslii. 

aortic  insufficiency. 

with  Flint  murmur. 

(ITcaMS.) 

(14  cases.) 

(33  cases.) 

Small  pulae    .              .  82.3  per  cent. 

28.5  per  cent. 

.0  per  cent.* 

Presystolic  thrill          .64.7 

50 

42.4 

Tapping  systolic  shock  76.4       " 

60 

15.1 

Valvular  first  sound    .  64.7       " 

78.5 

30.8 

*  Based  upon  thirty  cases ;  see  above. 

These  tables  bring  out  certain  fairly  well-marked  clinical  differ- 
ences between  the  cases  of  aortic  insuflBciency  with  Flint  murmur 
and  those  complicated  with  true  mitral  stenosis.  The  character  of 
the  presystolic  murmur  is  essentially  the  same  in  both  conditious, 
with  one  exception :  a  Flint  murmur  is  never  as  rasping  and  loud 
as  are  the  more  marked  murmurs  of  true  mitral  stenosis  ;  it  is  com- 
monly echoing  and  of  moderate  intensity.  It  is  fair,  however,  to 
remember  that  in  a  very  large  proportion  of  cases  of  true  mitral 
stenosis  the  murmur  is  also  of  this  same  character.  Out  of  the  22 
fatal  cases  of  mitral  stenosis  above  referred  to  the  sound  was 
absent  or  was  described  as  an  echo  or  as  a  faint  rumbling  murmur 
in  12,  or  54.5  per  cent.,  of  the  cases. 

The  presystolic  thrill  is  also  less  frequent  and  less  intense,  but 
perhaps  the  most  striking  difference  between  the  two  conditions  is 
in  the  character  of  the  systolic  shock.  In  but  a  very  small  propor- 
tion of  the  .cases  of  aortic  insufficiency  with  Flint  murmur  docs  the 
apex  impulse  have  the  tapping  cliaracter  so  significant  of  a  true 
mitral  stenosis ;  this  appears,  however,  to  be  present  in  about  half 
the  cases  of  aortic  insufficiency  combined  with  true  mitral  stenosk. 
In  the  majority  of  instances  of  Flint  murmur  the  systolic  impulse 
hiis  the  usual  characteristics  of  that  observed  in  aortic  insufficiencv : 
it  is  a  forcible  but  rather  heaving  lift.  The  snapping  valvular  first 
sound  is  also  rare.  In  the  instances  with  Flint  murmur  the  first 
sound,  if  it  be  not  replaced  by  a  systolic  murmur,  is  commonly 
dull,  humming,  prolonged,  indeed,  as  is  often  the  case  in  aortic- 
insufficiency,  almost  more  an  impulse  than  a  sound. 

But,  apart  from  the  physical  signs  related  to  the  heart  itself,  there 
are  other  points  which  may  be  of  considerable  help  in  diagnosis. 
Most  important  among  these  is  the  pulse.  The  pulse  in  aortic 
insufficiency  complicated  with  true  mitral  stenosis  was  recorded  as 
small  in  over  a  quarter  of  the  cases.      In  uncomplicated  aortic 
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insufficiency  with  Flint  murmur  the  pulse  is  almost  always  character- 
istically large  and  collapsing. 

The  condition  of  the  peripheral  arteries  and  various  points  in  the 
history  of  the  case  may  also  be  of  assistance  in  diagnosis. 

Thus,  out  of  16  cases  of  aortic  insufficiency  complicated  with  mitral 
stenosis,  in  all  but  3,  or  81.2  per  cent.,  there  was  a  distinct  history 
of  rheumatism  or  chorea,  or  symptoms  justifying  a  diagnosis  of  acute 
endocarditis.     In  3  cases  the  process  was  clinically  arterio-sclerotic. 

Out  of  33  cases  of  aortic  insufficiency  with  Flint  murmur  there 
was  a  clinical  history  of  acute  rheumatism,  or  chorea,  or  signs  justi- 
fSang  a  diagnosis  of  endocarditis  intra  vitam  in  but  13  instances,  or 
39.3  per  cent.,  while  in  18,  or  54.5  per  cent.,  there  was  clinical 
evidence  of  a  general  arterio-sclerosis. 

Anatomically  the  changes  in  the  valves  were  part  of  a  general 
arterio-sclerosis  or  an  atheroma  of  the  aorta  in  20,  or  60.6  per  cent., 
of  the  cases.  In  13,  or  39.3  per  cent,  of  the  cases,  the  condition 
was  an  acute  or  chronic  endocarditis.  In  4  of  these  cases  there 
existed  also  arterio-sclerosis. 

In  25  cases  of  uncomplicated  aortic  insufficiency  without  Flint 
murmur  the  percentages  were  essentially  the  same.  In  16,  or  64 
per  cent.,  the  process  was  a  part  of  a  general  arterio-sclerosis ;  in  8, 
or  32  per  cent.,  the  condition  was  due  to  endocarditis ;  in  1  the 
defect  in  the  valve  was  congenital. 

As  might  be  expected,  there  are  certain  slight  differences  in  the 
average  age  of  the  cases  with  Flint  murmur  and  those  of  aortic 
insufficiency  complicated  with  mitral  stenosis — differences  depending 
clearly  upon  the  fact  that,  in  the  one  condition,  the  changes  are 
more  commonly  due  to  arterio-sclerosis  which  is  generally  a  senile 
change,  and  in  the  other  to  endocarditis  which  so  frequently  occurs 
in  early  life.     This  is  well  shown  by  the  following  table  : 

Table  III. 

Aortic  insuffl-  Aortic  insuftlciency 

ciency  with  complicated  with 

Yean.                                                               Flint  murmur.  mitral  stenosis. 

1-10 1  0 

10-20 5  8 

20-30 4  8 

30-40 9  5 

40-50 7  2 

50-60 5  2 

60-70 1  0 

70-«0 1  1 

Totals 33  16 
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Thus,  it  will  be  seen  that  57.5  per  cent,  of  the  cases  of  Flint 
murmur  occurred  in  individuals  under  forty  years  of  age,  against 
68.7  per  cent,  among  the  cases  of  true  mitral  stenosis.  But  Uiese 
differences  are  too  slight  to  be  of  any  diagnostic  importance. 

That  there  is  nothing  essential  in  the  arterio-sclerotic  process 
which  predisposes  to  the  development  of  a  Flint  murmur  is  shown 
by  the  fact  that  out  of  32  cases  of  uncomplicated  aortic  insufficiency 
where  the  lesion  was  purely  arterio-sclerotic  in  origin,  a  Flint  murmur 
was  heard  in  50  per  cent.,  while  in  21  instances  where  the  lesions 
were  due  to  an  acute  or  chronic  endocarditis  the  percentage  of  Flint 
murmurs  was  actually  greater,  namely,  60.9  per  cent. 

The  diagnostic  importance  of  demonstrable  arterio-sclerosis  lies  in 
the  fact  that  while  arterio-sclerotic  cardiac  lesions  are  usually  confined 
to  the  aortic  orifice,  in  endocarditis,  on  the  other  hand,  the  possi- 
bility of  simultaneous  affection  of  the  mitral  valves,  and  hence  the 
probability  of  a  true  stenosis,  is  appreciably  greater. 

Broadbent^  believes  the  Flint  murmur  to  be  more  frec^uent  in 
cases  where  the  insufficiency  is  combined  with  stenosis  of  the  aortic 
valves. 

In  three  of  our  cases  there  was  aortic  stenosis  as  well  as  insuffi- 
ciency, but  in  only  one  was  a  Flint  murmur  heard.  In  the  other 
two  instances,  despite  the  existence  of  true  mitral  stenosis  in  one, 
there  was  no  presystolic  murmur. 

To  sum  up  the  results  of  these  comparative  observations  it  may 
be  said  that  a  positive  diagnosis  of  a  functional  mitral  presystolic 
murmur  may  be  difficult  to  make.  The  character  of  the  murmur 
differs  in  no  way  from  that  of  true  mitral  stenosis.  In  true  mitral 
stenosis,  however,  even  if  complicated  with  aortic  insufficiency,  the 
tapping  systolic  shock  and  the  snapping  first  soimd  are  common. 
The  Flint  murmur,  on  the  other  hand,  is  usually  associated  with 
the  characteristic  heaving  impulse  of  aortic  insufficiency,  and  the 
dull,  ill-defined,  prolonged  first  sound.  A  tapping  impulse  and  a 
snapping  first  sound,  may,  however,  be  present. 

Of  special  importance  is  the  character  of  the  pulse.  In  cases  of 
aortic  insufficiency  with  Flint  murmur  the  pulse  is  large  and  col- 

1  Heart  Disease,  London,  1900,  8vo.,  8d  ed.,  p.  150. 
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lapsing ;  in  instances  combined  with  true  mitral  stenosis  there  is 
generally  an  appreciable  modification  of  the  size  of  the  palse. 

The  diagnosis  of  Flint  murmur  is  fairly  safe  when  a  rumbling  or 
echoing  presystolic  murmur  in  the  region  of  the  apex  is  present  in 
aortic  insufficiency  occurring  in  an  individual  with  well-marked 
general  arterio-sclerosis,  especially  where  there  is  no  history  of  any 
acute  malady  ordinarily  associated  with  the  development  of  endo- 
carditis, and  in  the  absence  of  a  marked  systolic  shock  or  snapping 
first  sound.  If,  on  the  other  hand,  the  patient  be  an  individual 
with  soft  peripheral  arteries  and  a  historj'  of  attacks  of  acute  rheu- 
matism or  chorea,  or  other  evidences  suggestive  of  the  existence  of 
an  endocarditis,  the  probability  of  concomitant  affection  of  the 
mitral  valve  is  greater,  and  the  possibility  of  arriving  at  a  definite 
diagnosis  is  correspondingly  less. 

While,  as  a  rule,  the  Flint  murmur  is  not  of  very  great  intensity, 
is  associated  with  little  or  no  thrill,  with  no  marked  tapping  systolic 
shock,  and  rarely  with  a  snapping  first  sound,  there  may  be  striking 
exceptions  to  this  rule.  The  following  case  may  serve  to  show  how 
careful  one  should  be  in  assuming  the  existence  of  a  true  mitral 
stenosis  from  the  presence  of  nearly  all  the  classical  signs,  if  aortic 
insufficiency  be  present. 

D.  B.,  a  colored  laborer,  aged  between  forty-five  and  fifty -five  years,  was 
admitted  to  the  Johns  Hopkins  Hospital  on  July  22,  1896,  complaining  of 
abortness  of  breath  and  swelling  of  the  legs.  His  family  history  was  nega- 
tive, as  was  his  personal  history,  except  for  what  was,  apparently,  an  attack 
of  sciatica  which  lasted  for  about  four  months. 

For  several  months  before  entry  he  had  been  suffering  with  shortness  of 
breath,  which  had  steadily  increased.  For  four  weeks  there  had  been  swell- 
ing of  the  abdomen.  Two  months  before  entry  he  had  to  give  up  work  on 
account  of  shortness  of  breath. 

Physical  Examination,  The  patient  was  a  fairly  well-nourished  colored 
man  with  well-marked  arcus  senilis.  The  radial  arteries  were  moderately 
thickened.  There  was  edema  of  the  legs  and  ascites.  Examination  of  the 
lungs  showed  fine  moist  rales  at  both  bases. 

Heart,  The  cardiac  impulse  was  in  the  fifth  interspace  about  in  the  mam- 
millary  line.  There  was  no  marked  systolic  shock,  but  a  slight  presystolic 
thrill  was  to  be  felt.  On  auscultation  at  the  apex  there  was  heard  a  slight 
presystolic  murmur  ending  in  a  snapping  first  sound,  followed  by  a  soft  sys- 
tolic murmur ;  the  second  sound  was  not  audible  at  the  apex.  Passing 
upward  toward  the  base  a  well-marked  diastolic  murmur  of  aortic  character 
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became  audible.  It  was  of  maximam  intensity  at  the  left  third  and  foorth 
cartilages.     The  palse  was  collapsing. 

Under  rest,  diuretics,  and  potassium  iodid  the  patient  improved  greatly, 
and  left  the  hospital  on  August  31st. 

From  this  time  up  to  the  date  of  his  death  the  patient  was  admitted  to  the 
hospital  five  times. 

On  September  21,  1896,  the  following  note  was  made  by  Professor  Osier : 
'^  At  the  apex-beat  a  loud  systolic  shock  is  preceded  by  a  somewhat  roagh 
murmur  in  diastole,  which  does  not  run  quite  up  to  the  beat. " 

And,  again,  on  September  25,  1896  :  ''At  the  sixth  interspace  a  rough 
presystolic  murmur  is  well  heard,  and  the  shock  of  the  first  well  felt ;  do 
thrill.     The  systolic  shock  is  marked.'' 

On  October  2d  :  ''  The  shock  of  the  first  sound  is  well  marked  on  palpa- 
tion." 

On  April  2,  1897,  the  following  note  was  made  by  Dr.  Thayer :  "  The 
pulse  is  collapsing  and  rather  large,  but  not  as  large  as  often  seen  in  aortic 
insufficiency.  At  the  point  of  maximum  impulse  there  is  no  distinct  thrill. 
The  first  sound  is  rather  sharp  and  followed  by  a  slight  systolic  murmur  which 
is  lost  in  the  mid-axilla.  As  one  passes  outside  the  point  of  maximum 
impulse  the  snapping  character  of  the  first  sound  is  rather  suggestive.  The 
second  sound  at  the  point  of  maximum  impulse  is  followed  by  a  slight,  soft, 
diastolic  murmur.  Almost  immediately  after  the  second  sound  there  begins 
another  murmur,  which  at  first  is  extremely  difficult  to  separate  from  the 
aortic  diastolic,  but  which  is  of  a  different  pitch.  This  is  heard  best  in  the 
fifth  space  just  in  the  mammillary  line,  where  it  has  an  echoing  quality  and 
increases  in  intensity,  ending  in  the  first  sound.  It  is  not  heard  above  the 
fifth  rib  or  inside  the  parasternal  line,  and  is  lost  a  short  distance  outside 
the  point  of  maximum  impulse.  Above  and  inside  this  area  a  soft  systolic 
and  diastolic  murmur  are  to  be  heard.  The  diastolic  murmur  is  audible  in 
the  aortic  area,  but  is  loudest  along  the  left  border  of  the  sternum  at  about 
the  fourth  space  ;  it  has  a  soft  aortic  character.  In  the  aortic  area  it  does 
not  entirely  replace  the  second  sound.  The  second  pulmonic  is  not  particu- 
larly loud  ;  systolic  and  diastolic  tone  in  the  carotids." 

April  9,  1897,  Dr.  Osier:  '*  Systolic  shock  is  well  felt  at  the  apex  and 
base.  .  .  .  The  presystolic  murmur  has  all  the  characters  of  a  true 
stenotic  murmur." 

The  patient  died  on  October  30,  1898.  Repeated  notes  were  made  by 
Professor  Osier,  by  Drs.  McCrae  and  Futcher,  and  by  myself.  The  valvular 
snapping  character  of  the  first  sound  was  constantly  referred  to.  The  thrill 
was  of  moderate  intensity  and  was  often  absent.  The  presystolic  murmur 
also  varied  greatly  in  intensity. 

Owing  to  the  nature  of  the  systolic  shock  and  the  snapping  character  of 
the  first  sound,  a  diagnosis  of  true  mitral  stenosis  in  association  with  aortic 
insufficiency  was  universally  concurred  in. 

The  necropsy,  however,  showed  general  arterio-sclerosis  with  moderate 
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thickening  and  retraction  of  the  aortic  valves.     The  mitral  curtains  were 
absolutely  normal. 

A  word  before  closing  as  to  the  cause  of  this  interesting  phe- 
nomenon. As  stated  in  the  beginning,  Flint*  assumed  that  the 
back-flow  of  blood  from  the  aorta  resulted  in  a  floating  upward 
of  the  valvular  curtains  so  that  they  were  brought  approximately 
into  apposition,  thus  causing  a  practical  stenosis  of  the  mitral  valve 
at  the  time  of  contraction  of  the  auricle. 

Keyt's^  view  that  the  murmur  arises  at  the  aortic  orifice  in  systole 
is  scarcely  worth  considering. 

Guit^ras,^  as  has  been  said,  adopted  a  modification  of  Flint's  view. 
"  He  forgets,  it  seems  to  me,"  he  says,  "  that  in  aortic  regurgitation 
the  leaflets  are  not  floated  upward,  but  are  actively  driven  against 
the  auricular  blood  by  the  force  of  the  general  arterial  tension. 
.  .  .  I  maintain  that  these  propagated  murmurs  are,  in  fact, 
mitral  obstructive  murmurs,  and  that  they  are  more  apt  to  develop 
when  the  posterior  aortic  segment  is  affected,  because  in  such  cases 
the  recurrent  stream  is  brought  to  bear  directly  against  the  anterior 
leaflet  of  the  mitral  valve." 

Sansom*  asserts  that  the  development  of  a  presystolic  murmur 
would  be  impossible  if,  as  Flint  suggested,  the  mitral  curtains  were 
actually  brought  into  coaptation.  I  cannot  imagine  that,  the 
mitral  curtains  being  brought  into  coaptation,  and  the  orifice  being 
itself  closed,  any  force  proceeding  from  the  auricle  could  separate 
them  or  cause  the  blubbering  sound.  It  would  be  quite  otherwise, 
however,  if  they  were  brought  together  without  completely  closing 
the  auriculo-ventricular  aperture.  In  such  a  case  two  explanations 
will  be  possible. 

(a)  The  lifting  force  of  the  current  impinging  upon  the  under 
surface  of  the  great  anterior  mitral  curtains  might  so  obstruct  the 
current  from  the  auricle  as  to  create  a  de  facto  impediment  at  the 
end  of  each  disastole ;  or 

(6)  The  vibrations  might  be  directly  communicated  by  the 
regurgitant  stream  from  the  aorta  to  the  great  mitral  curtain.  The 
nearness   of   the  posterior  segment  of  the  aortic  valve — diseased, 

>  Op.  clt.  «  Op.  clt.  »  Op.  cit. 

*  The  Diagnosis  of  Diseases  of  the  Heart  and  Thoracic  Aorta,  London,  1892,  p.  885. 
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perhaps^  so  that  the  morbidly-produced  orifice  in  diastole  presents 
ragged  or  fringed  borders — to  this  mitral  flap  may  well  account  for 
such  vibrations.  These  vibrations  may  attain  only  to  an  intensity 
and  rapidity  sufficient  to  cause  munnur  somewhat  late  in  the  dias- 
tolic period.  The  force  of  the  auricular  systole  would  necessarily 
amplify  and  intensify  such  vibrations  of  the  free  edge  of  the  flap 
until  the  commencement  of  ventricular  systole  or  the  tug  of  the 
chordae  tendinee  abruptly  stopped  them,  bringing  both  curtains  of 
the  valve  together  and  completely  closing  the  auriculo-ventricular 
orifice. 

It  occurs  to  me  that  this  is  a  more  probable  explanation  than 
that  which  postulates  the  production  of  a  virtual  stenosis  of  the 
orifice  by  the  fluid  pressure  of  the  aortic  regurgitant  stream. 

Potain^  is  inclined  to  accept  the  idea  that  "  the  retrograde  blcod 
current  from  the  aortic  orifice  which  is  insufficient,  presses  back 
the  great  curtain  of  the  mitral,  whence  a  relative  narrowing  of  the 
mitral  orifice.  This  great  curtain  is  then  between  two  parallel  cur- 
rents of  varying  rapidity,  the  retrograde  current  of  aortic  insuffi- 
ciency and  that  produced  by  the  blood  coming  from  the  auricle. 
Under  the  influence  of  these  two  currents  the  mitral  valve  enters 
into  vibration,  which  results  iu  the  production  of  a  thrill  appreciable 
by  the  hand  and  of  the  presystolic  murmur  or  rumble  perceptible 
to  the  ear." 

Essentially  the  same  view  is  held  by  Broadbent.'^ 

This  explanation  of  the  origin  of  the  murmur  is  similar  to  tliat 
of  Guit^ras,  and  would  seem,  upon  the  whole,  reasonable. 

In  conclusion,  one  may  be  justified  in  saying  that  in  uncompli- 
cated aortic  insufficiency  a  rumbling,  echoing,  presystolic  or  mid- 
diastolic murmur  limited  to  the  region  of  the  apex  of  the  heart  is 
very  common,  occurring,  when  carefully  looked  for,  in  fully  half  of 
the  cases.  The  characters  of  this  murmur  are  in  no  wav  difiPerent 
from  those  commonly  observed  in  true  mitral  stenosis,  with  the  excep- 
tion of  the  fact  that  it  is  usually  of  moderate  intensity.  It  is,  how- 
ever, rarely  associated  with  a  tapping  systolic  impulse  and  a  snapping 
first  sound,  which  are  the  rule  in  true  mitral  obstruction,  while  the 
pulse  is  large  and  characteristic  of  uncomplicated  aortic  insufficiency 

1  Gaz.  d.  H6p.,  Paris,  1893,  Ixvi.  295.  «  Op.  clt. 
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In  the  absence  of  these  signs  and  with  a  large  pulse,  the  functional 
character  of  an  apex  presystolic  murmur  in  aortic  insufficiency  is  to 
be  suspected,  especially  in  cases  where  there  is  no  history  of  acute 
infectious  processes  such  as  are  ordinarily  associated  with  endocar- 
ditis, and  where  there  is  evidence  of  well-marked  arterio-sclerosis. 

A  Flint  murmur  may,  however,  be  associated  with  many  of  the 
clinical  features  of  a  true  organic  mitral  obstruction. 


DISCUSSION. 

Dr.  Cabot:  At  the  Massachasetts  Hospital,  among  the  postmortem 
records  there  are  ten  cases  in  which  a  normal  mitral  valve  has  been  found, 
with  a  regurgitation  at  the  aortic,  and  in  which  the  clinical  diagnosis  had 
been  mitral  stenosis.  The  details  practically  confirm  all  that  Dr.  Thayer  has 
8&id.  Five  were  under  forty  years  of  age,  and  five  were  over  forty.  There 
was  history  of  rheumatism  or  chorea  in  only  two ;  the  symptoms  of  pulmo- 
nary congestion  were  marked  in  six ;  the  tapping  firiit  sound  was  noted  in 
only  one ;  in  four  the  thrill  was  marked. 

In  the  last  ninety-one  cases  of  aortic  regurgitation  I  have  examined,  using 
the  same  criteria  which  Dr.  Thayer  has  presented  for  the  identification  of 
Flint's  murmur,  it  has  seemed  to  me  to  be  present  in  fifly. 

Dr.  Tyson  :  A  case  now  under  my  observation  in  the  Philadelphia  Hos- 
pital would  seem  to  fulfil  the  requirements  of  a  Flint  murmur  in  a  striking 
manner.  There  are  present  all  the  signs  of  aortic  regurgitation,  with,  how- 
ever, the  absence  of  a  diastolic  murmur,  or  at  least  an  easily  recognizable 
diastolic  murmur.  I  have  not  been  able  to  hear  it  in  this  case,  though  others 
who  have  listened  to  the  heart  say  they  can  hear  a  feeble  diastolic  murmur 
at  the  usual  site  of  aortic  regurgitant  murmurs.  Associated  with  it,  how- 
ever, are  all  the  other  signs  of  aortic  incompetency,  including  a  high  degree 
of  hypertrophy  of  the  left  ventricle,  a  Corrigan  pulse,  a  capillary  pulse,  and 
a  presystolic  murmur,  which  further  corresponds  with  the  Flint  murmur  as 
described  by  Dr.  Thayer  in  that  it  has  less  intensity  than  the  presystolic 
mormur  associated  with  mitral  stenosis. 
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Granular,  basic,  or  punctate  degeneration  of  the  erythrocyte  is  a 
condition  in  which  this  cell  presents  fine  or  coarse  grannies  that  have 
an  aflSnity  for  basic  stains.  This  degeneration  affects  cells  which  show 
other  evidences  of  pathologic  change,  as  poikilocytosis  and  poly- 
chromatophilia,  or  may  be  present  in  a  cell  which  in  all  other  appear- 
ances is  normal.  Farther,  it  may  be  seen  in  nucleated  erythrocytes, 
where  it  shows  absolutely  no  relation  to  the  nucleus.  In  size  the 
granules  may  be  so  small  that  they  can  scarcely  be  seen,  or  so  large  as 
to  be  nearly  the  size  of  the  eosinophile  granule.  The  shape  is  usualJr 
rounded,  though  pear-shaped,  and,  exceptionally,  rod  forms  are  eDOOun- 
tered.  Cells  may  show  one  or  the  other  sized  granules,  or  a  mixture  of 
both.  The  granules  are  usually  equally  distributed  throughout,  or 
small  clumps  may  be  seen  in  different  parts  of  the  cell.  This  latter 
arrangement  is  especially  marked  in  the  early  stages  of  experimental 
productions  and  is  rare  in  blood  from  the  human  subject.  There  may 
be  a  few  large  or  fine  granules  scattered  in  the  cell,  or  countless  numbers 
densely  packing  the  cell  and  to  a  great  extent  obscuring  the  inter- 
granular  substance. 

It  is  impossible  to  detect  this  form  of  degeneration  either  in  the  frtfii 
blood  or  in  dried  and  unstained  mounts. 

Attention  has  been  called  to  these  granules  as  a  special  form  of 
degeneration  only  in  the  past  few  years.  Their  presence  in  the  circu- 
lating peripheral  blood  had  been  undoubtedly  observed  for  a  much 
longer  period.  The  earlier  writers,  Geelmyden,  Hausemann,  V.  Noor- 
den.  Loos,  Askanazy,  Shuman,  Lazarus,  Klein,  Zenomi,  and  Lenoble 
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obflerved  such  granules ;  and  lately  Litten,  Krause,  Bouchart,  and 
Grawitz  (in  his  first  publications)  called  attention  to  cells  ^ith  minute 
basic  granules,  which  they  thought  were  products  of  fragmentation 
(karyorrhexis)  of  the  erythroblast,  and,  indeed,  this  view  has  not  been 
wholly  abandoned  at  the  present  date.  Others  have  confounded  them 
with  polychromatophilic  changes,  and  Plehn  considered  them  related 
to  malaria. 

Grawitz,  in  his  paper  of  September,  1899,  was  the  first  to  lay  par- 
ticular stress  on  this  granulated  cell  as  an  evidence  of  a  special  form  of 
degeneration,  and  he  opposed  the  earlier  view  of  fragmentation  or  per- 
sistence of  remnants  of  the  nucleus,  and  pointed  out  that  in  his  obser- 
vations these  cells  were  found  in  blood  in  which  there  was  no  other 
evidence  of  cellular  change,  and  in  which  there  were  no  nucleated 
erythrocytes ;  and,  further,  that  when  nucleated  cells  were  present 
there  were  no  transitional  stages.  Later,  he  demonstrated  that  this 
degeneration  could  be  seen  in  nucleated  cells  while  the  nucleus  was 
intact.  In  further  studying  the  cells  of  the  blood-forming  organs  he 
was  unable  to  find  this  change  in  the  newly-formed  cells  or  in  the 
eiythroblasts,  and,  therefore,  came  to  the  conclusion  that  this  degen- 
eration was  probably  of  peripheral  origin,  and  he  suggested  that  it  was 
possibly  due  to  the  direct  action  of  some  blood  poison.  Litten  sub- 
stantiated this  view  in  the  study  of  the  bone-marrow  in  cases  of  severe 
anemias,  where  he  found  much  evidence  of  erythrocytic  degeneration, 
but  was  unable  to  find  evidence  of  this  special  granulation.  On  the 
other  hand,  both  Pappenheim  and  C.  S.  Engel  have  seen  similar  granules 
in  embryonal  blood.  Hamel  and  Behrendt  were  the  first  to  demon- 
strate the  frequency  of  this  cellular  change  in  the  peripheral  blood  of 
patients  poisoned  by  lead.  These  observations  gave  Grawitz  support 
for  his  former  theories  regarding  their  origin,  and  led  him  to  study  the 
blood  under  experimental  intoxications  with  this  metal.  Experimen- 
tally he  was  able  to  observe  these  granulated  cells  in  the  blood  of  mice 
at  a  very  early  stage  of  the  intoxication,  and  even  when  these  animals 
had  been  subjected  to  the  minute  dose  of  0.08  gramme  of  the  acetate 
of  lead  for  a  very  short  time.  Moritz  repeated  similar  experiments, 
using  rabbits,  and  clearly  demonstrated  to  his  own  mind  that  these 
granulations  are  an  evidence  of  a  true  degeneration  and  not  artefacts. 

Sabraz^,  Bourret,  and  L^ger  claim  to  have  first  produced  these 
granules  experimentally  in  animals,  using  guinea-pigs  and  injecting 
small  doses  intraperitoneally. 

Grawitz,  working  upon  a  theory  suggested  by  Plehn's  observation  of 
similar  granulations  in  the  blood  of  Europeans  coming  to  the  tropics. 
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thought  that  the  change  of  temperature  had  something  to  do  with  their 
formation.  Following  this  idea,  he  was  able  to  demonstrate  the  pie- 
ence  of  these  granules  in  mice  subjected  to  increasing  daily  temperatarea. 

Schur  and  Loewy,  in  an  extensive  study  of  the  bone-marrow  in 
various  diseased  conditions,  were  unable  to  find  such  granulations.  Tbej 
came  rather  hastily  to  the  conclusion,  therefore,  that  this  cellular  con- 
dition was  of  artificial  production. 

From  the  foregoing  observations  and  experimental  studies  it  seems 
to  us  without  a  doubt  that  these  granular  formations,  be  they  the 
remains  of  fragmentation  of  a  previously  existing  nucleus  or  a  special 
production,  are  an  evidence  of  a  pathologic  change  when  found  in 
the  circulation.  With  this  in  mind  we  have  undertaken  the  stud?  of 
this  granular  degeneration  in  lead  workers  and  experimentally  in  its 
relations  to  lead  intoxications.     Our  studies  have  included  : 

1.  Cases  of  chronic  lead-poisoning. 

2.  Studies  in  lead  workers  with  no  subjective  symptoms. 

8.  Heat  cases — heat  workers  and  local  therapeutic  heat  application?. 
4.  Results  of  experiments. 

1.  The  Cases  of  Chronic  Lead  Intoxication.  In  all  the  cages  so  far 
reported  by  Hamel,  Behrendt,  Grawitz,  Moritz,  etc.,  in  which  the 
granules  have  been  sought  they  have  invariably  been  found.  This  gran- 
ular formation  seems  to  be  a  very  early  evidence  of  lead  intoxication ; 
in  fact,  as  will  be  seen  later,  appearing  before  all  other  symptoms, 
considered  subjectively  or  objectively.  The  number  of  granular  cells 
appears  to  be  in  direct  proportion  to  the  severity  of  the  poisoning,  and 
their  disappearance  is  noted  as  the  symptoms  ameliorate. 

Four  of  our  cases  were  hospital  cases,  the  men  coming  under  obser- 
vation with  marked  and  typical  symptoms  of  chronic  poisoning.  The 
granules  were  present  in  all  four  cases  in  varying  numbers  up  to  nine 
in  one  field  (of  a  very  thin  spread  and  ^^  oil  immersion).  The  granules 
varied  in  size,  some  cells  showing  very  fine  and  others  very  coaree 
granules,  and  others  a  mixture  of  both.  It  might  be  said  that  in  the 
severest  cases  the  coarser  granules  are  slightly  in  excess. 

The  blood  otherwise  showed  only  very  slight  changes  from  normal, 
namely,  a  slight  paleness  of  the  erythrocytes,  and  a  slight  poikilocT- 
tosis,  especially  marked  in  irregularity  of  size.  A  very  few  nucleated 
erythrocytes  were  seen.  These  were  normoblasts,  and  the  majority  of 
them  showed  the  granular  degeneration  of  their  protoplasm  while  the 
nuclei  were  intact  as  far  as  could  be  detected. 

2.  Lead  Workers  Without  Subjective  Symptoms,  Grawitz  and  Moritx 
each  had  five  cases  which  could  be  included  under  this  head,  and  in 
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which  they  found  granules.  Examining  twenty-one  lead  workers  with- 
out subjective  symptoms  we  found  the  granules  present  in  every  case. 
The  spreads  of  blood  were  taken  at  the  workshop  while  the  men  were 
actually  engaged  at  their  various  duties.  The  nature  of  the  work  of 
these  men  included  that  of  foreman  of  the  works,  **  sprinklers"  who 
watered  the  dust,  and  laborers,  some  handling  the  metallic  lead,  others 
the  oxide,  others  the  **  wet  pulp.''  These  men  were  more  or  lees 
exposed  to  the  dust  of  lead  during  their  working  hours. 

The  list  includes  two  who  had  worked  only  four  days,  the  shortest 
exposure,  and  one  man  who  had  been  constantly  working  in  the  metal 
for  twenty-four  years,  the  longest  exposure.  Only  one  of  the  twenty- 
one  men,  an  oxide  worker,  had  presented  symptoms.  This  one  had 
had  several  distinct  attacks  of  chronic  lead-poisoning  in  ten  years  of 
actual  contact  with  the  metal.  One  other,  who  had  been  working  only 
three  months,  and  who  showed  the  greatest  number  of  granules  in  the 
stained  spread,  had  had  about  one  month  previous  to  observation  an 
indefinite  illness  which  had  detained  him  one  week  from  his  work.  The 
number  of  these  granulated  cells  varied  from  a  few  in  a  spread  to  as 
many  as  two  or  three  in  a  field  of  the  microscope.  The  other  evidences 
of  blood  changes  were  only  slight  and  rather  inconstant  as  to  any  par- 
ticular form  of  variation.  Twelve  cases  showed  slight  poikilocytosis, 
but  more  particularly  irregularity  in  size  of  the  corpuscles.  Two  at 
least  certainly  had  deficient  hemoglobin  (noted  by  the  lack  of  stain 
taken  by  the  cell).  Three  showed  only  a  slight  polychromatophilia, 
and  in  five  cases  normoblasts  were  observed,  most  of  these  latter  cells 
showing  granules  in  their  protoplasm  while  the  nucleus  was  unchanged. 
(See  table  at  end  of  article.) 

3.  Heat  Cases.  The  studies  we  made  in  this  line  were  suggested  by 
Grawitz's  experiments  with  mice  and  by  Plehn's  observation  on 
Europeans  coming  to  the  tropics,  and  by  a  case  of  an  iron  worker  in 
whose  blood  we  had  found  granulated  cells  in  large  numbers.  They 
consisted  in  studying  the  blood  of  four  iron  workers  who  were  subjected 
to  intense  heat  while  at  their  work  at  furnaces,  and  that  of  patients 
using  local  dry  hot  air  treatment.  In  these  latter  cases,  of  which  there 
were  four,  the  various  parts  of  the  body,  especially  the  limbs,  were  sub- 
jected to  a  temperature  of  300°  F.  In  the  former  as  well  as  in  the  latter 
cases  we  were  unable  to  find  a  single  granulated  cell  in  the  spreads  made 
from  the  peripheral  circulation. 

In  the  case  above  mentioned  we  were  led  to  conclude  that  the  granules 
were  the  result  of  the  chronic  diarrhea  which  had  existed  for  twenty 
years,  or  were  possibly  due  to  lead  which  he  not  unlikely  received  dur- 
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ing  a  prolonged  course  of  treatment.  Here  we  might  include  five  cases 
which  had  been  subjected  to  applications  of  lead- water  and  laudanum. 
In  two  of  these  cases  the  application  had  been  made  to  denuded  areas, 
while  in  the  remaining  three  to  the  unbroken  skin.  Daily  observations 
were  made  in  these  cases  for  a  week  or  ten  days,  but  in  them  we  were 
unable  to  find  any  evidence  of  granular  degeneration. 

4.  The  ExperimenUjU  Study.  These  granules  have  been  produced  in 
mice  by  Grawitz,  in  rabbits  by  Moritz,  and  also  in  guinea-pigs  and 
pigeons  by  Sabraz^,  Bourret,  and  L^ger. 

In  our  own  cases  dogs  were  used,  and  the  lead  acetate  was  admin- 
istered by  mouth  in  capsules  with  the  food.  The  initial  dose  was  always 
a  gram,  irrespective  of  the  animal's  weight.  In  two  dogs  one 
gram  was  given  daily  throughout  the  observation ;  in  three  the 
initial  dose  of  one  gram  was  increased  by  one  gram  each  day  until 
the  experiment  was  concluded.  The  blood  in  all  these  cases  was  care- 
fully studied  for  several  days  previous  to  the  experiment,  and  then 
every  twenty-four  hours  for  a  few  days  after  the  intoxication  had 
begun,  and  then  at  longer  intervals.  Spreads  were  made  from  the 
carefully  shaven  and  cleaned  ear,  dried  for  twenty-four  hours,  and  then 
fixed  by  heat,  and  studied  under  various  stains. 

Distinct  granules  appeared  after  the  initial  dose,  usually  in  about 
three  days,  irrespective  of  the  size  of  the  dose  compared  to  the  animars 
weight,  or  to  the  manner  of  increase  of  the  same,  though  indistinct 
granules  were  noted  after  twenty-four  hours.  In  the  three  cases  in 
which  the  dose  was  rapidly  increased  the  granules  became  more  numer- 
ous in  a  shorter  time  than  when  the  gram  dose  was  given  daily.  In 
all  of  these  cases  the  early  granules  showed  a  greater  tendency  to  cling 
together  than  they  did  later.  This  clinging  together  or  clumping  of 
the  granules  in  different  parts  of  the  cell  was  more  or  less  characteristic 
in  these  experimental  productions.  It  was  usually  absent  in  the  casesof 
lead-poisoning  or  of  the  lead  workers.  On  the  other  hand,  the  even 
distribution  so  commonly  seen  in  the  lead  workers  was  not  observed  at 
any  stage  of  the  experimentally  produced  poisonings.  In  the  dogs  it 
was  a  common  observation  to  find  associated  with  these  granulated  cells 
erythroblasts  and  polychromatophilia.  The  finding  of  these  latter  types 
of  blood  degeneration  does  not  seem  to  us  to  be  of  such  significance  as 
when  they  are  found  in  the  human  subject.  They  are  a  rather  frequent 
finding  in  dogs  which  are  used  for  experimental  purposes.  The  appear- 
ance  of  granular  degeneration  in  the  peripheral  blood,  twenty-five  hours 
atter  one  of  the  writers  had  taken  seven  and  one-half  grains  of  lead  acetate, 
snows  conclusively  the  early  production  of  this  change  in  human  blood. 
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The  fact  that  these  granules  were  not  found  in  the  bone-marrow  by 
the  various  observers  led  us  to  believe  with  Grawitz  that  they  were  of 
peripheral  origin,  or  that  the  usual  methods  for  fixing  the  bone-marrow 
were  inadequate  for  their  demonstration.  To  determine  the  former 
view  blood  was  taken  from  various  veins  of  the  body,  stomach,  mesen- 
tery, liver,  portal  vein,  spleen,  and  heart  in  animals  killed  for  this  study, 
and  compared  with  the  blood  taken  ante-mortem  from  the  ear.  The 
results  of  these  observations  were  as  follows  :  The  blood  taken  from 
the  portal  vein  and  splenic  vein  showed  a  greater  number  of  these 
granules  than  did  the  blood  of  the  ear,  heart,  or  mesenteric  vessels. 
This  was  but  an  isolated  observation,  and  we  hesitate  to  draw  any 
definite  conclusions.  In  ^ve  later  cases  this  unequal  distribution 
was  not  sufficiently  marked  to  prove  the  peripheral  origin  of  these 
granules. 

For  the  study  of  the  bone-marrow  two  methods  were  used.  The 
bone  was  sectioned  in  pieces,  three-quarters  of  an  inch  long,  and  the 
marrow  was  taken  from  its  bony  case  by  running  an  ordinary  sew- 
iag  needle  around  it,  then,  when  it  was  freed  from  the  bone,  carefully 
pushing  it  out.  In  this  way  the  marrow  was  obtained  intact.  Spreads 
were  made  from  this  marrow  by  the  usual  methods  for  making  blood 
smears.  Some  of  these  spreads  were  fixed  immediately  in  ether  and 
absolute  alcohol ;  absolute  alcohol ;  10  per  cent,  formol ;  saturated  aque- 
ous solution  of  mercuric  bichlorid ;  1  per  cent,  osmic  acid ;  saturated 
solution  of  picric  acid  in  absolute  alcohol ;  others  were  dried  and  fixed 
with  heat  alone,  or  previously  to  heating  treated  with  ether  to  remove 
the  fat.  Further,  this  shelled-out  bone-marrow  was  fixed  by  the  usual 
methods  and  sections  made  from  paraffin  blocks.  From  the  former 
spread  specimens,  variously  fixed,  we  were  able  to  demonstrate  the 
granular  changes  in  the  erythrocytes  and  the  erythroblasts,  but  in  no 
bone-marrow  spread  was  the  number  of  these  granules  in  greater 
number  than  we  found  in  the  peripheral  circulation.  These  cells  may 
have  been  in  the  circulation  of  the  bone-marrow.  The  fixing  agents 
from  which  the  best  results  were  obtained  were  ether  and  absolute 
alcohol,  absolute  alcohol,  and  bichlorid  solution.  From  the  great 
amount  of  fat  which  is  always  present  in  these  spreads,  and  which 
interferes  to  a  great  extent  with  fixing  the  specimens  by  the  usual  heat 
method,  it  was  thought  that  it  might  interfere  with  the  staining  of 
these  granules.  To  ascertain  the  r61e  which  fat  played  in  this  way 
spreads  from  the  ear  blood  were  kept  at  52*^  C.  for  twenty-four  hours 
on  fat  taken  from  the  mesentery  of  a  dog.  They  were  then  fixed  by 
heat  and  stained  in  the  usual  way.     While  the  granules  could  be  found 
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after  the  spreads  were  so  treated  there  seemed  a  decrease  in  their 
number,  especially  so  in  the  case  of  the  finer  granules. 

From  the  bone-marrow  fixed  in  the  various  methods  and  mounted  in 
paraffin  sections  were  cut  at  2/z.  In  these  sections  fixed  by  variom 
agents — alcohol  and  ether ;  absolute  alcohol ;  osmic  acid,  1  per  cent ; 
formol,  10  per  cent. ;  Miiller-formol ;  Zenker's  solution ;  Flemming's 
fluid  —we  were  unable  to  demonstrate  the  presence  of  granules. 

In  our  routine  study  of  these  granulated  cells  all  the  blood  spreads 
have  been  fixed  by  heat  on  a  copper  plate.  The  specimens  heated  for 
a  few  minutes  only  seem  to  be  better  prepared  for  staining  than  those 
heated  for  a  longer  time.  The  stains  used  for  this  work  have  been  the 
usual  hematoxylin  and  eosin  stains  and  thionin  pheniqu6.  In  using 
the  former  stains  the  specimens  should  be  overstained  with  hema- 
toxylin ;  with  the  latter  the  granulated  cells  stain  rapidly  and  are  tbtj 
easily  detected. 

With  aqueous  solutions  of  the  following  stains  we  have  been  able 
to  detect  these  granules  in  specimens  dxed  by  heat :  basic  fuchsin, 
carbol-thionin,  anilin  green,  gentian  violet,  Bismarck  brown,  taloidin- 
blue,  dahlia,  methylene-blue ;  also  Lofi9er*8  methylene-blue,  hema- 
toxylin, hemalaum.  We  have  been  unable  to  find  them  when  we  used 
aqueous  solutions  of  anilin  blue,  Berlin  blue,  iodin-green,  iDdulin, 
tropeolin,  blue-black,  methylene-green,  orange  G. ,  acid  f uchsin,  rosin, 
Ehrlich  triacid,  nile  blue,  benzopurpin.  For  routine  work  we  recom- 
mend the  use  of  the  usual  hematoxylin  and  eosin  stains,  or,  which  is 
especially  good  for  the  study  of  these  granules,  the  thionin  pheniquf  the 
formula  of  which  is  : 

Thionin  (French) 0.05 

Carbolic  acid 1.00 

Alcohol  95  per  cent 10.00 

Aq.  destil 90.00 

The  stain  becomes  better  with  age. 

Our  conclusions  are : 

1.  The  granules  are  a  constant  finding  in  cases  of  lead-poisoning,  and 
appear  very  early  in  cases  under  the  influence  of  lead  salts  long  before 
subjective  or  other  objective  symptoms  can  be  demonstrated. 

2.  The  granules  disappear  in  cases  of  chronic  lead -poisoning  as  the 
convalescence  is  established. 

3.  Apparently  lead  does  not  produce  an  immunity,  as  one  of  the  cases 
worked  for  twenty-four  years,  another  for  twenty  years,  without  having 
pronounced  symptoms  of  lead-poisoning,  and  in  both  of  these  cases  the 
granules  were  present  in  moderate  numbers. 
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4.  The  granules  may  be  produced  experimentally  in  dogs,  appearing 
in  a  very  few  days  after  the  beginning  of  the  experiment,  and  increas- 
ing as  the  intoxication  becomes  severe. 

5.  The  granules  in  the  experimental  cases  are  rather  fine,  and  show 
a  tendency  to  clump  at  first ;  later  all  varieties  appear: 

6.  We  believe  these  granules  to  be  a  true  degeneration  of  the 
erythrocyte  aud  having  no  relation  to  nuclear  fragmentation  or  to 
polychromatophilia. 
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DISCUSSION. 

Dr.  Jacobi  :  I  rise  to  ask  a  questioD.  The  doctor  has  spoken  of  lead- 
poisoning,  and  at  the  same  time  he  told  us  that  a  large  number  of  the  men 
examined  showed  no  symptoms  of  any  illness,  but  had  these  same  granules 
in  the  blood  cells.  Now,  what  influence  has  this  condition  of  the  blood  on 
the  general  condition  of  the  individual  ?  We  certainly  could  not  speak  of 
poisoning  unless  there  were  some  symptoms  that  could  be  recognized. 

Dr.  Stewart:  One  of  the  first  symptoms  of  lead-poisoning  is  an  anemia. 
and  it  seems  that,  finding  this  condition  in  connection  with  this  degenera- 
tion,  we  might  call  the  condition  a  poisoning.  It  would  become  a  matter  of 
diagnostic  importance. 

Dr.  Jacobi  :  I  cannot  say  that  I  find  that  answer  quite  satisfactory.  We 
have  been  told  that  the  patients  were  quite  well,  and  in  spite  of  that  these 
changes  in  the  blood  were  found.  If  it  is  so  easy  to  influence  the  blood  by 
lead,  we  must  be  guarded  in  our  therapeutic  measures  as  to  the  doses  we  are 
permitted  to  give.  That  is  why  I  asked  the  question.  I  now  and  then  give 
in  hemoptysis  very  large  doses  of  lead,  and  find  that  these  so-called  large 
doses— twenty  to  forty  grains  or  more  a  day  for  successive  days — will  stop  a 
very  bad  hemorrhage  when  the  diminutive  doses  of  the  books  would  have 
no  effect  whatever.     How  am  I  justified  in  giving  such  doses? 

Dr.  Peabody  :  I  have  myself  produced  a  typical  lead- poisoning  by  giving 
five  grains  of  the  acetate  three  times  a  day  for  four  days  in  succession.  I 
am  quite  well  aware  that  the  text-books  say  that  lead  colic  is  not  producible 
in  this  way,  but  it  is  surely  a  mistake.  It  may  often  be  given  for  prolonged 
periods  without  bad  results,  but  poisoning  can  occur. 

Dr.  Stewart  :  With  all  due  deference  to  Dr.  Jacobi.  I  must  sav  I  think 
it  is  dangerous  to  give  such  large  doses. 

Dr.  Stengel  :  I  have  no  desire  to  enter  the  field  of  discussion  as  to  when 
an  innocuous  body  becomes  an  intoxicant.  I  believe  that  many  of  us  are 
developing  arteriosclerosiii  without  showing  the  acuter  symptoms  of  oar 
abuses.  In  the  same  way  many  of  those  men  working  in  lead  factories  who 
are  to  all  appearances  in  perfect  health  are  still  the  subjects  of  lead-poison- 
ing. I  did  not  say  they  had  no  lead-poisoning ;  they  did  have,  bat  they  bad 
none  of  the  usual  symptoms  of  that  condition.  The  marked  changes  in  the 
blood  were  found,  but  the  colic  and  nervous  symptoms  were  absent. 
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Many  causes  and  conditions  have  been  adduced  to  account  for 
the  occurrence  of  pernicious  anemia,  but  none  of  them  is  satisfac- 
tory—nothing definite  is  known  as  to  the  actual  cause.  This 
unknown  factor  is  generally  believed  to  be  a  toxin;  on  this  theory 
only  can  the  phenomena  be  accounted  for.  Among  the  English- 
speaking  profession  generally  the  toxin  is  looked  upon  as  of  gas- 
trointestinal origin,  and  that  it  acts  on  the  blood  of  the  portal 
system  especially,  causing  rapid  hemolysis,  and  that  the  other 
effects  produced  are  secondary,  developing  in  the  course  of  the  dis- 
ease. Many  German  physicians,  on  the  other  hand,  refer  the  dis- 
ease to  a  toxin  affecting  hemogenesis,  as  shown  by  the  abundance 
of  myeloblasts  in  the  bone-marrow  and  in  the  blood,  indicating  a 
reversion  to  the  embryonal  type. 

It  is  probable  that  both  views  are  in  part  correct;  that  not  only 
blood  destruction  but  blood  formation  has  been  effected  by  a 
common  toxemia  resulting  in  the  genesis  of  abnormal  corpuscles 
and  the  rapid  destruction  of  the  less  resistant  ones.  The  blood 
formation  is  atypical,  and,  therefore,  to  be  attributed  to  pathologic 
irritation  rather  than  to  excessive  physiologic  stimulation. 

The  other  changes  met  with,  especially  those  in  the  spinal  cord 
and  peripheral  nerves,  are  probably  produced  by  the  action  of  the 
same  irritant  rather  than  as  the  result  of  the  protracted  anemia. 

The  irregular  course  of  the  disease  with  its  remissions  and 
exacerbations,  its  irregular  fever,  the  frequent  disturbance  of  the 
mental  condition,  and  the  occurrence  from  time  to  time  of  vomiting 
and  diarrhea,  all  indicate  a  common  toxic  cause. 
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The  fact  that  the  geDeral  conditioD  does  not  bear  a  definite  rela- 
tionship to  the  blood  state  goes  to  show  that  there  is  something 
else  than  the  poverty  in  corpuscles  on  which  it  depends.  This  is 
well  illustrated  by  the  contrast  between  the  condition  of  a  miller 
who  was  able  to  do,  without  difficulty,  all  but  the  heaviest  work  of 
his  mill,  and  yet  his  blood  only  had  1,000,000  red  corpuscles  per 
cmm.,  and  that  of  a  physician  with  over  4,000,000  corpuscles 
whose  case  is  given  in  detail  below  under  the  head  of  treatm(nt. 
In  the  case  of  a  member  of  the  Canadian  House  of  Commons  dur- 
ing the  past  year  there  has  never  been  more  than  3,500,000  red 
corpuscles  per  cmm.,  and  yet  he  has  not  only  regularly  and  with 
marked  ability  attended  to  his  duties  in  the  House,  but  has  also 
conducted  a  most  vigorous  election  campaign  without  either  detri- 
ment or  exhaustion.  It  is  to  be  noted  that  in  these,  as  in  all  cases 
during  well-marked  remissions,  the  color-index  is  always  near  the 
normal,  and  that  the  corpuscles  show  less  deformity  and  there  are 
fewer  nucleated  ones  among  them. 

That  the  condition  is  a  toxemia  is  further  indicated  by  the  early 
occurrence  of  marked  weakness.  This,  in  most  cases,  is  the  first 
symptom,  and  it  may  be  complained  of  a  considerable  time  before 
the  pallor  is  observed.  It  must,  therefore,  be  independent  of  the 
anemia  to  which,  as  already  stated,  it  is  not  proportional.  In 
twenty-two  cases  observed  during  the  last  three  years,  with  scarcely 
an  exception  the  first  deviation  from  health  noticed  was  the  weak- 
ness; pallor  followed  soon  afterward. 

It  is  to  be  observed,  also,  that  the  early  occurrence  of  weakness 
before,  as  a  rule,  any  disturbance  of  the  digestive  tract  is  noted 
does  not  support  the  theory  that  the  toxin  is  of  gastroenteric  origin, 
or  that  the  digestive  tract  is  the  site  of  infection,  but  rather  indi- 
cates that  the  changes  in  it  are  secondary  to  the  toxemia.  The 
disturbances  of  the  stomach  and  bowels  doubtless,  however,  increase 
the  toxemia  and,  therefore,  aggravate  the  condition. 

The  grounds  for  the  opinion  that  the  toxin  is  of  gastroenteric 
origin  is  the  constancy  with  which  disease  or  disturbance  of  the 
function  of  the  digestive  tract  occurs.  Few  if  any  cases  are  met 
with  in  which  there  is  not  at  some  time  a  history  of  diarrhea  and 
vomiting.  In  my  twenty-two  cases  diarrhea  and  vomiting  occurred 
practically  in  all  of  them  at  some  period  of  the  disease,  usually 
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early,  but  sometimes  later.  But  the  postmortem  conditions  found 
in  the  relatively  few  cases  examined  do  not  afford  much  support  to 
the  theory,  as  in  most  of  them  all  that  has  been  found  is  atrophy 
of  the  gastric  mucosa.  Atrophy,  however,  occurs  in  gastric  car- 
cinoma and  many  other  conditions  which  have  shown  no  signs  of 
pernicious  anemia,  and  then  there  is  wanting  evidence  that  the 
atrophy  is  not  a  late  change  in  the  disease.  The  only  evidence  of 
its  early  occurrence  is  the  absence  of  free  HCl  from  the  gastric 
secretion,  but  free  HCl  is  temporarily  and  occasionally  permanently 
absent  in  many  other  conditions.  During  the  remissions  in  per- 
nicious anemia  the  appetite  and  digestion  are  often  quite  vigorous, 
and  a  full  diet  may  be  as  well  disposed  of  as  in  health.  At  such 
times  there  is  every  evidence  of  a  secretion  of  HCl.  Even  in 
malignant  pyloric  obstruction  HCl  may  be  restored  to  the  secretion 
after  the  condition  has  been  relieved  by  gastroenterostomy.  Of 
late  much  importance  has  been  attached  to  the  probability  of  infec- 
tion of  the  stomach  by  secretion  from  diseased  gums  around  decayed 
teeth. ^  There  is  no  doubt  that  such  unhealthful  conditions  of  the 
mouth  may  cause  gastric  catarrh,  but  that  is  far  from  proving  it 
even  indirectly  a  cause  of  pernicious  anemia.  It  is  a  question 
whether  decayed  teeth  and  diseased  gums  are  found  to  exist  in 
pernicious  anemia  in  a  greater  proportion  of  cases  than  in  other 
chronic  exhausting  diseases.  There  is  such  a  vast  army  of  people 
whose  teeth  are  decayed  and  gums  unhealthy  that  it  would  require 
a  marked  connection  between  the  condition  of  the  mouth  and  any 
constitutional  disease  to  establish  a  relationship  of  cause  and  effect 
even  in  a  remote  degree.  In  my  twenty-two  cases  I  have  notes  of 
the  condition  of  the  mouth  in  seventeen.  One  or  more  teeth  were 
carious  in  ten  of  these,  but  nearly  all  of  them  were  too  well  cared 
for  to  be  a  possible  source  of  infection  of  the  stomach.  In  only 
four  of  these  cases  were  the  gums  unhealthy,  three  of  them  being 
only  slightly  affected,  and  the  fourth  only  fairly  severely.  In 
none  was  there  a  purulent  secretion.  It  is  further  to  be  observed 
that  these  cases  were  not  more  affected  by  stomatitis  or  gastro- 
intestinal disturbances  than  were  those  whose  teeth  and  gums  were 
perfectly  healthy. 

1  William  Hunter,  Medical  Press  and  Circular,  April  3, 1901,  p.  858. 
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One  case,  at  present  showing  very  grave  symptoms  of  pernicious 
anemia,  was  under  treatment  for  two  years  for  dilatation  and  pro- 
lapse of  the  stomach,  with  marked  disturbance  of  its  function.  She 
was  then  quite  thin  and  anemir,  but  the  blood  did  not  present  the 
characters  of  pernicious  anemia,  and  she  made  a  very  good  recov- 
ery.    Her  present  illness  began  during  the  past  winter. 

There  was  a  history  of  pernicious  anemia  in  the  family  of  two  of 
my  cases.  One  of  them,  a  young  man,  whose  death  is  just  reported, 
had  a  brother  who  died  of  the  same  disease  about  four  years  ago. 
The  history  was  typical,  so  that  there  can  be  no  doubt  as  to  the 
diagnosis.  The  other  case  is  that  of  a  lady,  aged  about  seventy 
years.  She  has  been  ailing  for  nearly  two  years,  and  presents 
characteristic  symptoms  in  a  marked  degree.  Two  of  her  brothers 
died  a  few  years  ago  of  a  disease  with  similar  symptoms  and  history. 

Symptoms  of  the  disease  of  the  nervous  system  occurred  in  nine 
of  the  twenty-two  cases.  In  most  of  them  there  were  only  slight 
feelings  of  numbness  in  the  extremities — the  hands  chiefly.  In  the 
case  of  Dr.  J.  E.  E.,  not  only  the  numbness,  but  ataxia  was  quite 
marked,  and  the  mind  was  not  quite  vigorous  and  clear  even  daring 
his  remissions,  in  some  of  which  he  was  almost  well. 

In  a  lady,  aged  sixty-eight  years,  there  was  a  sensation  of  ex- 
treme coldness  in  the  hands  that  was  distressingly  painful  at  times. 
Her  numbness  was  also  marked.  Severe  neuralgia  of  the  head  in 
all  parts,  but  usually  affecting  one  side  more  than  the  other,  was 
the  form  the  nerve  symptoms  took  in  a  ycung  woman.  The  pain 
could  scarcely  be  relieved  until  a  remission  of  all  the  symptoms 
occurred,  when  she  recovered  fair  health  for  a  time;  a  relapse  fol- 
lowed, and  terminated  fatally  six  months  later. 

Of  the  twenty-two  c^ses  sixteen  were  males — an  unusually  large 
proportion.  They  were  from  all  walks  in  life,  but  none  was  sub- 
ject to  undue  privation  or  was  burdened  with  excessive  work  or 
'^  carking  care.''     In  no  case  was  any  apparent  cause  evident. 

In  estimating  the  value  of  the  treatment  in  any  disease  it  is  neces- 
sary to  take  due  account  of  its  natural  course.  This  is  especially 
true  of  pernicious  anemia,  whose  course  is  subject  to  such  sudden 
and  extreme  changes.  There  are  few  diseases  in  which  more  marked 
remissions  occur.  It  is  not  unusual  for  cases  almost  moribund  to 
be  about  in  a  few  davs  and  resume  work  in  a  few  weeks.    This 


NATURE  AND  TREATMENT  OF  PERNICIOUS  ANEMIA.     423 

was  the  history  in  a  man  last  year.  He  had  been  ailing  for  some 
months,  and  in  April  was  so  prostrated  that  he  could  not  be  roused; 
blood-stained  fluid  flowed  from  his  mouth,  saturating  his  pillow; 
yet  in  a  few  days  he  was  sitting  up,  and  returned  to  his  home  within 
a  week,  a  distance  of  100  miles.  During  the  summer  he  considered 
himself  well,  and  worked  at  his  trade  as  a  stone-mason.  He  re- 
lapsed in  the  autumn,  and  spent  the  winter  indoors,  with  hopes  of 
improving  with  the  advent  of  warm  weather;  but  he  grew  worse 
rather  suddenly,  and  died  in  April  last. 

Another  man,  under  my  care  at  the  same  time,  in  his  first  attack 
two  years  before  was  so  prostrated  that  his  physician  told  him  he 
would  not  be  able  to  return  to  his  oflice  for  a  year;  but  he  was 
there  iu  two  weeks,  and  continued  well,  as  he  thought,  for  a  year, 
when  he  relapsed,  failing  steadily,  with  the  usual  exacerbations  and 
remissions,  until  he  died  six  months  later. 

Such  cases  as  these  show  the  inappropriateness  of  the  name  '^  pro- 
gressive" pernicious  anemia.  The  disease  is  remittent,  not  pro- 
gremve.  Many  run  a  milder  and  more  persistent  course,  but  in 
these,  also,  remissions  occur,  and  from  time  to  time  give  promise  of 
recovery.  As  in  the  case  of  the  member  of  the  House  of  Commons 
already  referred  to,  the  recovery  may  be  almost  complete  and  re- 
main unchanged  for  a  year  or  more;  but  examination  of  the  blood 
always  shows  some  characteristic  deviations,  and  a  relapse  may  be 
confidently  expected  sooner  or  later.  This  has  been  my  experience 
with  the  twenty-two  eases  observed  during  the  last  three  years.  Of 
these  fourteen  have  died,  four  are  running  the  usual  variable  course, 
and  the  remaining  four  have  not  been  heard  from  for  some  time. 

Arsenic,  since  its  introduction  by  Braniwell,  has,  until  recently, 
been  regarded  as  a  specific  in  pernicious  anemia.  As  the  natural 
history  of  the  disease  has  become  better  understood  confidence  in  it 
has  gradually  lessened,  until  now  many  regard  it  as  of  little  value. 
The  only  case  of  complete  recovery  I  have  had  was  apparently  due 
to  its  action.^  The  case  was  that  of  a  physician  who,  in  1889,  pre- 
sented aU  the  phenomena  of  pernicious  anemia  with  acute  symp- 
toms. The  red  corpuscles  were  reduced  to  750,000  per  c.mm.,  and 
there  was  marked  poikilocytosis,  with  much  variety  in  size.     Histo- 

1  Medical  News,  Philadelphia,  1890,  p.  367. 
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logic  examination  of  the  blood  was  not  then  f  nrther  made.  He  took 
arsenic  very  freely  for  three  months,  causing  considerable  periph- 
eral neuritis.  His  recovery  was  complete,  and  he  has  since  remained 
well.  In  the  light  of  my  more  recent  experience  I  am  inclined  to 
doubt  the  diagnosis,  although  it  is  not  apparent  wherein  the  error 
lies.  In  none  of  my  late  cases  has  arsenic  proved  of  any  service. 
In  many  of  them  it  soon  caused  gastric  irritation,  and  had  to  be 
discontinued. 

The  general  acceptance  of  the  theory  of  gastrointestinal  toxemia 
has  naturally  led  to  the  use  of  various  antiseptics.  Of  these  mer- 
curic bichlorid  has  been  most  generally  used,  both  locally  as  a 
mouth-wash  as  well  as  internally.  My  experience  with  it  has 
unfortunately  not  been  satisfactory;  no  tangible  good  has  resulted 
from  its  use.  The  use  of  other  antiseptics,  as  salol,  resorcin,  crea- 
sote,  bismuth  salicylate,  and  bismuth  naphtolate,  have  all  been 
equally  ineffective.  Should  this  plan  of  treatment  after  due  trial 
prove  unavailing  it  will  go  far  to  show  that  the  theory  of  the  origin 
of  the  disease  from  a  gastrointestinal  toxin  is  incorrect. 

With  a  view  of  supplying  the  blood  with  an  artificial  serum  and 
stimulating  lymphagogue  action  and  excretion  of  toxin  by  the 
kidney,  I  have  given  normal  saline  subcutaneously  in  a  few  cases. 
I  first  gave  it  to  an  old  man  in  the  Toronto  General  Hospital,  who 
was  so  prostrated  as  to  be  almost  unconscious.  After  the  first  injec- 
tion of  a  pint  he  roused  up  and  remained  much  better.  A  pint  was 
given  every  second  day,  and  on  the  alternate  days  the  same  amount 
was  giv^en  by  the  rectum.  The  subcutaneous  injection  was  so  pain- 
ful that  be  declined  to  continue  its  use,  and  the  saline  enemata  soon 
caused  diarrhea,  and  had,  therefore,  to  be  stopped.  He  improved 
very  much,  and  left  the  hospital  in  very  fair  condition,  with  over 
t3, 500, 000  corpuscles  per  c.mm.  He  returned  four  months  later  in 
a  relapse,  and  died  in  a  few  days.  In  a  few  other  cases  improve- 
ment followed  the  subcutaneous  saline,  and  in  one  there  was  appar- 
ently a  recovery,  but  he  may  have  relapsed,  as  he  has  not  been 
heard  of  for  some  time.  It  is,  unfortunately,  too  painful  for  most 
people  to  endure.  The  rectal  administration  should  be  as  effective, 
but  it  cannot  be  continued  on  account  of  the  diarrhea.  If,  as 
Rumpf  has  lately  pointed  out,  there  is,  in  addition  to  the  hydremic 
state  of  the  blood,  an  excessive  quantity  of  sodium  chlorid  present, 
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it  would  seem  injudicious  to  add  more  water  and  NaCl  to  blood 
already  surcharged  with  these  constituents.  However,  it  the  solu- 
tion stimulates  the  renal  secretion  its  use  mav  so  increase  elimina- 
tion  from  the  blood  as  to  more  than  counterbalance  the  evil  effects 
of  the  introduction  of  more  NaCl  and  water  into  the  blood/ 

The  use  of  various  other  sera  is  illustrated  by  the  history  of  the 
case  of  Dr.  J.  E.  E.  He  was  fifty  years  of  age,  and  practised  in 
a  neighboring  city.  Symptoms  of  weakness  were  noticed  early  in 
1899,  and  pallor  shortly  afterward.  His  teeth  and  gums  were 
very  healthy,  but  he  suffered  much  from  stomatitis,  especially  when 
his  stomach  was  disturbed,  as  it  was  frequently.  He  could  take 
arsenic  only  for  a  few  days,  as  it  caused  nausea  and  vomiting,  and 
normal  saline  by  the  bowel  set  up  diarrhea.  Mercuric  bichlorid 
was  used  for  some  time,  both  locally  for  the  mouth  and  internally 
for  the  general  toxic  condition,  without  doing  any  appreciable  good. 
Bismuth  salicylate  and  similar  antiseptics  were  given  from  time  to 
time  for  the  diarrhea,  which  always  recurred  when  the  stomach  was 
disturbed.  His  history  was  the  usual  one  of  mild  exacerbations 
and  remissions.  He  had  a  severe  urticaria.  This  was  also  the 
result  of  its  use  in  three  other  cases.  Then  antidiphtheritic  serum 
was  used,  2  c.c.  being  given  every  second  day.  Its  use  in  two 
previous  cases  was  followed  by  gratifying  results,  doubtless  post 
hoc  rather  than  propter  hoc.  They  were  both  old  men,  and  one  of 
them  died  the  following  year  of  acute  diarrhea;  the  other  two  years 
later  of  senility.  In  Dr.  E.'s  case  the  serum  had  no  apparent  effect, 
nor  had  it  in  three  other  cases  in  which  it  was  subsequently  used. 

During  June  antistreptococcic  serum  was  used,  5  c.c.  being  given 
every  two  or  three  days  at  first,  and  later  10  cc,  in  all  125  c.c. 
being  given.  During  this  time  the  temperature  varied  from  99^ 
to  100|.  Some  time  after  beginning  the  use  of  the  serum  after 
each  injection  a  free  secretion  of  saliva  occurred  that  was  sometimes 
blood-stained.     No  apparent  benefit  followed  the  use  of  the  serum. 

He  spent  the  summer  of  1900  under  most  favorable  conditions, 
living  outdoors  all  day  and  sleeping  in  a  tent  at  night.  During 
the  remissions  the  appetite  was  good  and  his  diet  highly  nutritious. 
By  September  he  was  considerably  better,  but  still  his  blood  only 

1  Berliner  klinische  Wochenschrift,  1901,  No.  17 ;  abstracted  in  American  Meclicine,  vol.  i., 
No.  9. 
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contaiued  about  3,500,000  red  corpuscles  per  cmm.     In  October 
on  my  advice  he  tried  spermiu  (Poehl),  10  c.c.  being  given  in  divided 
doses  extending  over  ten  days.     He  soon  began  to  improve,  and 
during  November  his  blood  contained  4,500,000  corpuscles  per 
cmm.,  and  the  hemoglobin  rose  to  85  (Fleischl).    He  looked  quite 
well  and  said  he  felt  as  well  as  ever.     His  corpuscles,  however, 
showed  considerable  inequality  in  size,  and  a  few  nucleated  ones 
could  be  found.     He  resumed  his  practice  in  a  quiet  way,  but  soon 
found  himself  unequal  to  the  work.     He  became  depressed;  his 
mental  condition,  which  had  been  affected  early  in  his  illness  and 
was  not  completely  restored  even  at  his  periods  of  greatest  improve- 
ment, now  became  so  much  disturbed  that  he  became  diiScult  to 
nurse. 

He  was  confined  to  bed,  although  the  blood  showed  only  moderate 
deterioration,  and  in  January,  1901,  he  grew  suddenly  worse,  and 
died  comatose. 

In  more  recent  cases  I  have  advised  moderate  purgation,  with  the 
object  of  removing  infective  material  from  the  bowels.  At  the  same 
time  intestinal  antiseptics  have  been  given,  and  such  general  reme- 
dies as  strychnine,  arsenic,  iron,  bone-marrow,  etc.  The  results, 
however,  have  been  no  less  disappointing  than  former  experiences. 

Notwithstanding  all  the  good  work  that  has  been  done,  the  cause 
and  pathology  of  the  disease  are  as  yet  quite  unknown,  and  as  to 
its  effective  treatment  we  are  equally  in  the  dark.  No  plan  of 
management  or  treatment  so  far  devised  avails  to  cure  the  disease 
or  even,  in  most  cases  at  least,  alter  its  erratic  course. 

Before  the  recovery  can  be  considered  complete  the  blood,  on 
histologic  examination,  must  be  found  quite  normal.  A  restora- 
tion of  even  the  full  complement  of  5,000,000  red  corpuscles  per 
cmm.  is  not  sufficient,  as  that  may  occur  in  a  prolonged  and 
marked  remission.  Not  a  few  of  the  cures  reported  liave  doubtless 
been  remissions  of  this  kind. 


A  CASE  OF  SO-CALLED  SPONDYLOSIS  RHIZOMELIA 
(RHEUMATOID  ARTHRITIS),  WITH  AUTOPSY. 


By  CHARLES  L.  DANA,  M.D., 

OF  NEW  YORK  CITY. 


Summary.  Male,  aged  thirty-five  years;  occupation,  carpenter;  moder- 
ately alcoholic ;  no  rheumatic  history.  Brief  attack  of  caisson  disease,  with 
paraplegia,  seven  years  before.  Present  disease  running  a  course  of  about 
one  year ;  onset  gradual,  with  pain  in  knees  and  hips ;  finally,  extraordinary 
spastic  condition  of  muscles  of  thighs,  less  so  of  legs.  Death  sudden.  Post- 
mortem showed  no  lesion  of  the  spinal  cord,  but  degenerative  changes  of  the 
lining  of  the  hip-joints. 

The  disease  affected  first  and  most  strikingly  the  hip-joints,  and  for  that 
reason  may  be  classed  among  those  forms  of  "  spondylosis  rhizomelia''  which 
are  nothing  more  nor  less  than  rheumatoid  arthritis.  The  case  is  particu- 
larly interesting  because  of  the  very  extraordinary  reflex  symptoms  which  it 
presented,  the  obscurity  of  the  symptoms  at  the  onset,  and  the  fact  that  a 
postmortem  wa.s  obtained  which  enabled  us  to  confirm  absolutely  the  diag- 
nosis. 

History,  The  patient,  J.  R.,  male,  aged  thirty- five  years,  unmarried,  native 
of  the  United  States,  was  by  occupation  a  carpenter.  His  father  was  a  mod- 
erate drinker,  and  died  of  grippe  at  the  age  of  forty-eight.  Nothing  is  known 
of  the  family  history  aside  from  this. 

The  patient  himself  had  the  diseases  of  childhood,  but  denies  any  venereal 
disease  whatever.  He  had  been  a  steady  drinker,  and  smoked  and  chewed 
tobacco;  he  used  to  get  drunk  once  a  month.  Through  an  accident  two 
years  before  he  had  two  ribs  broken,  and  the  right  wrist  was  broken  one 
year  ago.  Seven  years  ago,  while  working  in  a  tunnel,  under  high  atmos- 
pheric pressure,  he  was  suddenly  taken  with  an  attack  of  paraplegia.  He 
was  removed  to  a  hospital ;  he  was  unable  to  control  the  urine  at  first,  but 
speedily  recovered  power  in  the  bladder  and  legs,  and  was  discharged  cured 
in  three  weeks. 

About  six  months  ago,  while  feeling  very  well  he  was  taken  with  severe  pain 
in  the  left  knee,  so  intense  that  he  had  to  stop  work  and  go  to  a  hospital  in 
Havana,  Cuba,  where  he  was  at  the  time.  He  remained  in  the  hospital  for 
three  months,  when  he  was  brought  to  Bellevue  Hospital  on  November  27, 1899 
The  pain  which  he  first  felt  while  in  Havana  was  in  the  left  knee.     It  was 
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constant,  dull,  and  with  exacerbations.  From  the  knee  it  went  to  the  hip, 
then  to  the  right  knee  and  hip.  About  two  months  after  the  pains  began  he 
noticed  that  his  legs  commenced  to  draw  up  so  that  he  could  not  straighten 
them  out,  the  hips  and  knees  being  both  flexed.  He  walked  every  day  a 
little,  but  it  was  very  painful,  and  he  had  shooting  pains  at  night,  and  hie 
legs  would  jerk  up  in  cramps.  There  never  was  any  acute  swelling  of  the 
joints  or  signs  of  any  active  process.  His  bowels  had  been  regular,  appetite 
good,  mind  clear.     There  was  no  weakness  of  the  bladder. 

The  patient,  on  admission,  presented  the  appearance  of  a  very  well-nour* 
ished  man,  weighing  178  pounds.  He  walked  in  a  stiff,  bent  attitude,  tt 
shown  in  Fig.  1.  He  was  unable  to  straighten  the  hips,  and  could  not  en- 
tirely straighten  the  knee. 

Physical  examination,  outside  of  the  nervous  system,  showed  temperature, 
pulse,  and  respiration  normal.  Heart  normal.  Pulse  somewhat  hard,  show- 
ing some  arteriosclerosis.  Tongue  and  digestive  tract  apparently  normal. 
Urine  1010 ;  no  albumin  or  sugar.  The  blood  was  examined  for  plasmodium, 
and  a  blood-count  was  made,  but  the  results  were  negative.  The  sleep  wn 
disturbed  on  account  of  the  pain. 

The  muscular  system  showed  very  powerful  development,  especially  in  the 
lower  limbs,  the  thigh  muscles  being  extremely  hard  and  much  hypertnh 
phied.  There  was  a  fibrillary  tremor  visible  over  the  anterior  thigh  muadei 
which  felt  extremely  tense,  as  if  in  a  state  of  tonic  contraction.  There  wis 
no  tremor  excepting  that  found  over  the  body  of  the  muscles.  The  hands 
and  face  were  steady.  The  patient  could  walk  but  little,  as  stated.  The 
thighs  could  be  flexed  to  the  limit  but  could  be  extended  only  to  about  18S*. 
The  left  leg  could  be  fully  extended  voluntarily,  the  right  to  about  15**  from 
normal.  The  thighs  could  not  be  rotated  in  or  out,  and  could  not  be  adducted. 
In  fact,  flexion  of  the  thighs  was  the  only  free  movement,  other  movemealB 
being  resisted  by  spasms  of  the  antagonistic  muscles.  Thus,  when  the  right 
leg  was  extended  to  about  75°  the  hamstring  muscles  were  very  tense,  and  when 
either  thigh  was  extended  to  135°  the  tendons  of  the  quadrat!  stood  out.  The 
muscles  felt  like  those  of  a  man  who  has  been  trained  to  powerful  muscolar 
exercises.  Whatever  muscles  could  be  moved  passively  could  also  be  moved 
voluntarily.  There  was  no  distinct  paralysis.  The  movements  of  the  foot  and 
ankle  were  normal,  as  were  also  those  of  the  upper  extremity.  There  was  a 
slight  compensatory  lordosis,  and  the  spinal  column  was  somewhat  rigid  in 
its  lower  part. 

The  patient  was  thoroughly  anesthetized,  but  with  great  difficulty,  takinf, 
I  am  informed,  nearly  two  quarts  of  ether  before  becoming  entirely  relaxed. 
Then  it  was  possible  to  extend  the  thighs  and  legs,  but  even  then  the  motion 
was  not  very  free,  and  when  the  patient  returned  to  consciousness  there  wai 
a  gradual  return  of  the  contractions. 

All  attempts  to  move  the  hips  and  legs  were  quite  painful  except  when  the 
movements  were  in  simple  flexion.  There  was  no  enlargement  of  the  joints, 
and  no  crepitation  could  be  felt  in  either  hips  or  knees.    The  reflexes  were 
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decidedly  exa^erated,  and  there  was  a  distinct  spurious  clonus  of  the  right 
leg.  The  superficial  reflexes  were  exaggerated,  but  there  was  no  Babinsky 
phenomenon. 

The  pupils  were  normal,  the  other  special  senses  and  cranial  nerves  were 
normal.  There  were  no  anesthesias  and  no  ataxia,  and  no  evidences  of  cen- 
tral nervous  disease. 

The  specially  remarkable  characteristic  of  the  case  was  the  extraordinary 
tonicity  and  spasm  of  the  thigh  muscles  unaccompanied  by  any  evidence  of 
inflammation  of  the  joint,  such  as  tenderness,  swelling  or  fine  crackling,  or 
crepitations.  The  patient  presented,  in  a  measure,  the  symptoms  that  go 
with  a  case  of  spastic  paralysis,  and  the  exaggerated  reflexes  and  ankle  clonus 
led  one  to  suspect  a  possible  central  lesion. 

The  condition  continued  without  very  much  change  for  a  number  of 
months.  The  patient  was  anesthetized  without  any  benefit.  He  received 
counter- irritation,  warm  baths,  and  antirheumatic  measures.  While  his 
general  nutrition  did  not  become  impaired,  the  disease  continued  about  the 
same,  there  being  at  times  some  improvement,  due  to  the  use  of  hot  baths. 

In  January,  1901,  he  suddenly  died  in  an  attack  which  was  apparently  one 
of  heart  failure. 

The  autopsy  was  made  by  Dr.  Schultz,  and  the  microscopic  examination 
by  Dr.  M.  G.  Schlapp,  to  both  of  whom  I  am  much  indebted. 

Dr.  Schultz' 9  Report,  The  heart  weighs  fourteen  ounces ;  muscle  paler 
than  normal ;  few  ecchymoses  under  the  endocardium  of  the  left  ventricle, 
especially  about  the  papillary  muscle ;  the  left  ventricle,  cavum,  and  wall  of 
normal  size;  valves  normal;  right  ventricle  dilated, reaching  to  apex,  which 
is  markedly  rounded;  muscle  at  conus  pulmonalis  3  mm.  in  thickness; 
columnse  carnese  well  marked;  width  of  wall  toward  apex  3  mm.;  valves 
normal ;  blood,  fluid  and  dark. 
Aorta,  normal. 

Arteria  pulmonalis  contains  dark  fluid  blood ;  a  small  postmortem  clot  is 
found  in  the  superior  branch  in  the  substance  of  left  upper  lobe,  not  adhe- 
rent to  wall  of  artery.    All  other  branches  contain  dark  fluid  blood. 

Lungs :  Left,  passive  hyperemia ;  right,  old  area  of  tuberculosis,  broncho- 
pneumonia at  periphery  of  outer  aspect  of  upper  lobe,  3  cm.  in  diameter ; 
pleuritic  adhesions  at  this  spot ;  passive  hyperemia. 
Stomach  and  intestines  normal. 

Liver,  passive  hyperemia;  weight,  five  pounds  twelve  ounces. 
Spleen,  passive  hyperemia;  weight,  twelve  ounces. 
Kidneys,  passive  hyperemia ;  weight  together,  seventeen  ounces. 
Adrenals,  normal. 

Pancreas,  soft  and  slightly  decomposed. 
Bladder,  normal. 

Left  hip-joint :  Arthritis  deformans ;  cartilage  of  head  of  femur  and  that 
of  acetabulum  markedly  eroded.  Synovial  membrane  thickened  and  granu- 
lar; fluid  diminished,  light  red  in  color;  no  pus. 
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Left  knee-joint:  Cartilage  normal  except  a  narrow  strip  (5  mm.)  along 
the  inner  margin  of  femur ;  synovial  membrane  thickened  and  congested ; 
crucial  ligaments  shortened,  since  flexion  cannot  be  completed  after  tendons 
of  patella  and  capsule  have  been  severed. 

Brain  and  spinal  cord  removed  together.  Dura  and  pia  normal.  Lumbar 
enlargement  seems  markedly  smaller  than  normal.  Further  examination  after 
hardening. 

The  only  apparent  abnormal  condition  of  the  cord  was  entire  absence  of 
lumbar  enlargement.    Meninges  were  normal. 

No  pathologic  conditions  were  found  in  the  cord  or  medulla  on  micro- 
scopic examination. 


ACUTE   SPLENIC   MILIARY   TUBERCULOSIS. 


By  D.  D.  STEWART,  M.D., 

OF  PHILADELPHIA. 


That  the  tubercular  process,  whether  in  an  acute  miliary  or  more 
chronic  form,  may  have  its  only  outward  expression  in  the  spleen, 
and  remain  there  entirely  limited  for  a  greater  or  less  period,  is  a 
fact  little  recognized,  yet  one  which  has  been  emphasized  by  several 
recorded  cases. 

As  a  chronic  affection,  presumed  primary  tubercular  splenomegaly 
is  less  infrequent  than  the  acute  miliary  form.  Bender,^  who  has  re- 
cently published  an  exhaustive  paper  on  the  subject  of  tuberculosis  of 
the  spleen,  alludes  to  some  seven  cases  which  he  regards  as  instances 
of  the  former.  In  these  Bender  thought  that  the  tubercular  affection 
of  the  spleen  was  in  so  far  limited  to  this  viscus  that  involvement  of 
other  organs  or  parts  gave  no  clinical  manifestation.  This,  however, 
is  an  error  concerning  at  least  one  of  the  cases  which  Bender  quotes, 
in  which  splenectomy  was  performed — that  of  Bland  Sutton.  In  this 
case  Bland  Sutton  informs  me  the  primary  lesion  was  in  the  lung, 
and  was  of  the  nature  of  a  "  quiescent  tuberculous  cavity." 

In  Marriott's  case^  Bender  is  cognizant  that  the  source  of  infection 
was  perhaps  a  chronic  vulvar  ulcer  which  had  been  excised.  Marriott 
had  curiously  reported  this  case  as  one  of  acute  tuberculosis  of  the 
spleen.  It  is  said  there  was  no  clinical  indication  of  tuberculosis 
elsewhere,  even  at  the  end  of  two  years,  when  a  splenectomy  was 
done,  and  eight  months  subsequently  the  patient  was  in  good  health. 

It  is  not  the  purpose  of  this  paper  to  discuss  chronic  tuberculous 
splenomegaly,  but  to  draw  especial  attention  to  an  acute  form  of 
miliary  splenic  tuberculosis,   the  occurrence  of  which,  though  ex- 

1  Gazette  des  HOpitaux,  March  31  and  April  7, 1900. 
s  Lancet,  November  23, 1895. 
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tremely  rare,  seems  undeniable,  and  which,  because  of  its  rarity,  has 
been  doubtless  occasionally  overlooked.  But  a  solitary  case  has  been 
recorded— Scharold's^— and  is  most  interesting.  It  is  that  of  a  con- 
vict who,  apparently  previously  in  good  health  and  employed  in  out- 
of-door  labor,  was  suddenly  seized  with  symptoms  suggesting  an  acute 
overwhelming  general  infection.  There  were  high  fever,  prostration 
of  strength,  headache,  cough,  epistaxis,  and  diarrhea,  retention  of 
urine,  delirium,  and  general  cyanosis.  The  spleen  was  greatly  en- 
larged. Death  occurred  on  the  seventeenth  day.  A  necropsy  showed 
a  miliary  tuberculosis  limited  to  the  much  enlarged  spleen.  In  the 
writer's  case,  although  he  cannot  demonstrate  that  the  infectious 
process  was  in  onset  or  in  early  course  limited  to  the  spleen,  yet  he 
believes  it  is  fair  to  assume  this  in  view  of  the  interesting  symptoma- 
tology, and  because  the  instance  of  Scharold's  shows  that  such  a 
limited  miliary  tuberculous  process  may  occur  and  actually  run  its 
course  without  other  involvement. 

The  writer's  case  was  one  in  which  more  than  ordinary  interest 
was  taken,  both  on  account  of  its  unique  character  and  because  of 
an  acquaintanceship  with  certain  of  the  patient's  relations,  one  of 
whom,  a  physician,  under  whose  observation  she  had  previously  been, 
watched  the  progress  of  the  ailment  with  him. 

The  patient  was  Emma  W.,  aged  twenty-nine  years;  by  occupation  a  nurse; 
single ;  of  German  parentage  and  American  birth  ;  the  fifth  of  ten  childreo, 
all  living  save  one  killed  in  a  railroad  accident.  Brothers  and  sisters  in  good 
health.  Parents  living;  father  a  dyspeptic,  but  otherwise  well;  mother  in 
robust  health.  The  family  history  otherwise  offered  nothing  noteworthy ;  no 
tubercular  antecedents. 

Previous  HiMory,  She  had  had  as  a  child  scarlet  fever,  measles,  and  pneu- 
monia ;  had  had  ague  seventeen  years  before,  but  had  no  indications  of  this 
since.  She  whs  of  slender  build,  but  quite  robust,  and  had  had  no  illness  to 
incapacitate  her  for  years.  About  four  weeks  before  admission  to  the  hos- 
pital, after  just  having  left  a  trying  and  long-continued  case  of  typhoid  fever, 
she  had  had  a  slight  grippal  attack,  lasting  a  few  days.  She  was  not  confined 
to  bed.  Dr.  Pottberg,  her  relative,  had  seen  and  prescribed  for  her.  One 
week  later,  three  weeks  before  admission  to  the  Episcopal  Hospital,  when 
not  recuperated  from  the  grippe,  ill-judged  notions  of  humanity  prompted  her 
to  take  charge  of  a  case  of  tuberculosis.  The  patient,  living  in  her  vicinity, 
had  just  lost  his  nurse;  he  was  very  ill  and  required  constant  attention. 
The  consumptive,  in  indigent  circumstances,  had  apartments  which  were 

1  Aerztliches  Intelligenz-Blatt,  August  7,  1888,  No.  32. 
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badly  heated  and  damp,  and  the  nurse's  nourishment  was  of  poor  quality. 
She  ate  irregularly,  poorly,  and  lost  sleep.  She  continued  in  charge  for  two 
weeks.  In  the  middle  of  the  second  week  she  herself  became  rather  acutely 
ill  and  had  chills,  with  a  rise  in  temperature,  was  debilitated  and  had  pain 
and  aching  in  the  dorsal  region.  She  still  continued  in  attendance  for  a  few 
days  despite  these  symptoms,  until  a  successor  could  be  procured,  and  then 
went  to  her  lodgings.  There  she  remained  about  a  week,  abed,  during  which 
time  the  fever  and  debility  continued.  It  is  stated  the  temperature  then  ran 
between  101°  and  103°,  and  she  was  presumed  by  her  medical  attendant  to 
be  developing  typhoid  fever.  She  was  placed  under  my  care  at  the  Episco- 
pal Hospital  on  about  the  tenth  day  of  illness  (April  18,  1900),  and  died  the 
sixty-eighth  day,  fifty-eight  days  after  admission. 

An  examination  on  admission  elicited :  Mind  active,  though  expression 
dull,  with  tendency  to  somnolence ;  but  neither  the  dull  expression  nor  som- 
nolent tendency  was  manifest  after  a  few  days  spent  in  the  hospital.  Had 
had  slight  chill  every  day  or  so  since  the  ailment  began. 

Abdomen.  No  pain  or  tenderness  or  distention  of  the  bowels.  Spleen 
markedly  enlarged,  reaching  above  to  sixth  interspace,  and  inferiorly  is 
readily  palpable  below  the  costal  margin.  No  typhoid  spots.  Liver  outline 
normal. 

Chest,  Heart  sounds  clear,  though  enfeebled ;  no  murmurs.  A  searching 
examination  of  the  lungs  showed  total  absence  of  any  indication  of  disease 
here.  This  repeated  carefully  daily  gave  similarly  negative  results  until 
late  in  the  progress  of  the  case.  The  tongue  was  clean  and  of  healthy  ap- 
pearance. This  continued  a  feature  until  late  in  the  disease.  There  was 
total  loss  of  appetite,  constipation,  no  nose-bleed.  Temperature  on  afternoon 
of  admission,  102.6°;  on  the  following  day  it  was  101.4°  in  the  morning,  and 
104.4°  in  the  evening.    It  was  subsequently  taken  every  third  hour. 

The  accompanying  chart  shows  the  variations,  and  that  the  fever  was  a 
continuous  one,  with  morning  remissions  and  evening  exacerbations.  The 
average  range  was  between  101°  and  104°.  The  temperature  only  once 
reached  99°  (in  the  morning),  and  but  on  one  occasion  (in  the  evening) 
105.2°.  The  pulse  was  usually  accelerated.  The  lowest  noted  was  84  and 
the  highest  140.  It  showed  wide  and  irregular  variations.  The  number  of 
respirations  per  minute  were  commonly  in  direct  ratio  to  the  body  tem- 
perature. 

Widal  reaction  and  examination  for  plasmodia  (Ghriskey)  negative. 
(These  examinations  were  made  subsequently  on  alternate  days  for  two 
weeks,  with  similar  negative  results.)  Leukocyte  count  on  admission,  5600. 
Urine,  faint  albumin  trace;  microscopically  (centrifuged  specimen)  but  one 
hyaline  cast  noted  ;  otherwise  negative.  In  arriving  at  a  diagnosis  the  follow- 
ing ailments  were  considered :  Typhoid  fever,  estivo-autumnal  malarial  fever, 
and  acute  miliary  tuberculosis.  The  last  was  almost  immediately  suspected 
and  within  a  few  days  decided  upon,  but  solely  by  exclusion,  as  the  general 
features  of  the  case  were  unlike  those  of  other  cases  of  acute  miliary  tuber- 
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culosia  I  bad  encountered.  Here  there  certainly  was  as  yet  no  lung  involve- 
ment and  no  signs  of  abdominal  implication  otber  tban  tbe  presence  of  tbe 
enlarged  palpable  spleen.  The  marked  splenic  enlargement  indeed  was  the 
only  notable  physical  sign  other  than  the  persistently  high  temperature  and 
debility.  There  were  for  many  days  no  other  noteworthy  clinical  symptoms 
apart  from  occasional  abdominal  pain  referable  to  the  splenic  region,  and  a 
tendency  to  cyanosis  and  continued  blueness  of  the  extremities  when  cold 
sponging  was  resorted  to  to  reduce  temperature.  The  patient's  mind  was 
clear  and  active,  and  she  constantly  reproached  us  for  not  ridding  her  of  the 
fever,  which  she  regarded  aa  the  only  symptom  of  illness,  that  she  might 
return  to  her  home.  Without  other  developments,  the  patient's  condition 
underwent  little  change  for  the  greater  part  of  the  fifly-eight  days.  The 
lungs  were  carefully  ausculted  daily,  with  negative  results  until  about  two 
weeks  before  death. 

On  May  I4th  two  small  glands  were  palpable  in  the  left  supraclavicular 
fossa.  This  was  the  first  evident  indication  of  dissemination  of  the  tuber- 
culous process.  An  ophthalmoscopic  examination  on  this  date  (Dr.  Van 
Pelt):  Congestion  of  retinee  of  moderate  degree  limited  to  each  nasal  side 
above  the  disc,  more  marked  in  O.  S. 

Toward  the  end  of  May  marked  debility  was  present  as  a  natural  result  of  the 
continued  fever.  She  took  but  little  nourishment,  although  free  from  gastroin- 
testinal symptoms.  At  this  time  fine  r&les  were  evident  now  and  then  in  both 
lungs.  These,  with  vesiculobronchial  breathing,  were  first  noted  posteriorly, 
her  continued  dorsal  decubitus  favoring  stasis  in  the  posterior  surfaces  of  the 
lungs.  On  June  1st  she  had  several  spells  of  nausea  and  vomiting,  and  pain 
was  complained  of  in  the  abdomen.  Vomiting  now  recurred  almost  daily 
until  death.  She  became  delirious  at  night  and  had  headache  by  day.  It 
was  noted  on  June  5th  that  the  general  body  surface  was  markedly  hyper- 
esthetic  ;  jerking  and  twitching  of  the  limbs  had  occurred  the  evening  before, 
and  she  frequently  now  gave  a  sharp  outcry.  She  had  been  slightly  deaf 
for  several  days,  and  was  now  markedly  so.  On  June  12th  the  bedside  notes 
record :  "  Deafness  less  apparent ;  responds  more  readily  when  questioned, 
though  commonly  delirious.  Apparently  is  free  from  unprovoked  pain,  but 
remonstrates  when  the  abdomen  is  palpated.  Frequent  twitchings  of  upper 
extremities,  and  these  movements  are  accompanied  by  a  harsh  cephalic  cry. 
Kernig's  sign  is  absent.  Tache  cerebrale  marked.  Abdomen  much  dis- 
tended. Tongue  for  first  time  dry  and  brown  in  color,  sordes  appearing. 
Pulse  intermittent.  Yesterday  a  bright  red  circular  area,  about  one  inch 
in  diameter,  appeared  on  the  back  of  the  left  hand.  It  had  a  distinct  white 
border  and  was  covered  with  vesicles.  The  whole  hand  was  swollen  and 
somewhat  red.  To-day  the  vesicles  have  united  into  one  very  large  one, 
and  similar  spots  have  appeared  on  the  thumb  and  fingers.  Cultures  from 
the  vesicles  show  staphylococci."  On  June  15th  the  notes  state:  "The 
patient  was  rigid  for  the  past  two  days.  Kernig's  sign  still  absent.  Drooping 
of  right  eyelid  noted.    Emaciation  now  becoming  extreme.    Area  on  hand 
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haa  formed  superficial  slough.  The  patient's  outcry  is  less  shrill,  and  jerking 
of  the  limbs  is  less  marked.  She  is  more  or  less  comatose,  constantly  moans, 
and  no  longer  responds  rationally  to  questions.  Marked  weakness  is  appar- 
ent. Pulse  continues  intermittent.  The  patient  died  cyanosed  on  the  morning 
of  June  16th." 

Clinical  pathologist's  (Dr.  Ghriskey)  report:  No  indications  of  kidney 
involvement  until  late  in  the  case.  Albumin  and  casts  absent  in  the  early 
period  of  the  disease.  Numerous  blood  inspections  negative,  save  for  a 
leukocytosis  first  noted  June  12th.  Several  examinations  of  the  erythrocytCB 
were  made,  the  last  May  10th— 3,800.000.  Hemoglobin  estimated  on  several 
occasions  early  in  the  disease,  65  to  75  per  cent.  Leukocytes  frequently  esti- 
mated ;  counts  ran  between  5000  and  6000  until  on  June  12th.  14,800  (ter- 
minal infection).  Malarial  parasites :  Frequently  examined  for  early  in  the 
case,  and  always  negatively.  During  the  first  week  the  blood  was  also  drawn 
from  the  spleen  for  this  estimation.  Unfortunately,  tubercle  bacilli  were 
not  examined  for  in  this  specimen.  Cultures  from  this  (for  typhoid)  were 
made ;  result  negative.  In  the  middle  period  of  the  disease  4  c.c  of  blood 
from  a  vein  was  diluted,  centrifuged,  and  examined  for  tubercle  bacilli; 
result  negative.  Several  sputum  examinations  were  made  the  last  of  May 
and  early  in  June,  and  no  tubercle  bacilli  found.  Diazo  reaction  examina- 
tion on  several  occasions  was  negative  at  first,  but  positive  on  May  7tb.  Oal- 
tures  from  vesicles  on  hand  and  from  meninges  of  brain  showed  staphylo- 
cocci. Other  cultures  at  postmortem  negative.  Microscopic:  Typical 
miliary  tubercles  in  kidney,  liver,  and  spleen. 

Report  of  the  necropsy  and  gross  and  microscopic  examination  of  speci- 
mens by  the  Episcopal  Hospital  Pathologist,  Dr.  W.  E.  Robertson,  June  15, 
1900:  The  body  is  that  of  a  slender  young  woman.  Rigor  mortis  absent.  A 
large  bulla  noted  on  dorsum  of  left  hand. 

Thoracic  Cavitj/.  Lungs  and  heart  taken  out  together.  Heart  presented 
nothing  abnormal.  Lungs:  The  seat  of  diffused,  very  small  miliary  tuber- 
cles. No  couBolidation.  Lungs  crepitated  throughout.  Moderate  pleural 
adhesions  on  both  sides.  Several  medium  sized  lymph  glands  in  left  supra- 
clavicular fossa,  enlarged  and  caseated,  and  resting  upon  subclavian  artery. 

Abdomen.  Slight  amount  of  fluid  and  some  injection  of  intestines.  No 
tubercles  on  mesentery  or  peritoneum ;  intestines  and  stomach  were  exam- 
ined throughout.  No  typhoidal  or  tubercular  lesions.  A  few  shallow  ulcers 
or  erosions  on  the  membrane  of  ascending  colon.  Liver  slightly  fatty,  but 
firm,  and  presented  fairly  numerous  minute  tubercles  through  it.  No  gall- 
stones. Duct  patulous.  Kidney  capsules  stripped  with  ease  ;  section  showed 
cloudy  swelling;  apparent  slight  interstitial  change.  Few  small  miliary 
tubercles  evident  near  capsule. 

The  most  noteworthy  feature  of  the  examination  was  the  spleen.  This 
was  about  four  times  the  normal  size.  It  was  studded  on  its  peritoneal  coat 
with  elevated  yellow  tubercles  the  size  of  a  large  pea  and  surrounded  by  an 
inflammatory  zone.     "  On  section  the  whole  organ  was  found  to  be  a  mass  of 
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tabercles,  varying  in  size  from  a  pin-point  to  four  mm.  in  diameter ;  these,  to 
about  the  extent  of  one-half  the  spleen,  had  advanced  to  complete  caseation, 
converting  this  part  of  the  gland  into  a  confluent  tubercular  mass,  in  which, 
while  the  outline  of  some  of  the  tubercles  were  still  apparent,  in  the  greater 
part  there  was  merely  evident  a  most  marked  cheesy  necrosis.  Such  a  con- 
dition was  found  nowhere  outside  the  spleen."  s 

Pancreas  normal.  Bladder  distended ;  wall  thick-looking  and  vessels  in 
it  turgescent.  Urine  blood- tinged.  Wide-spread  submucous  extravasation  of 
blood ;  the  blood  could  be  neither  wiped  nor  washed  off.  There  was  nothing 
to  explain  this  high  grade  of  hyperemia,  which  resembled  that  met  with 
in  some  cases  of  paraplegia,  or  in  cases  in  which  the  circulation  through 
the  inferior  cava  is  interfered  with.  Such  a  condition  is  sometimes  seen  in 
hemorrhagic  diseases,  such  as  scurvy,  and  it  is  possible  that  in  this  case  the 
intensity  of  the  infection  may  have  induced  it,  as  it  did  the  blood  extravasa- 
tions in  the  kidney  and  spleen. 

Brain.  The  dura  bulged  on  removing  the  skull-cap.  A  large  amount  of 
fluid  escaped  when  it  was  cut.  It  was  quite  adherent  over  the  region  of  the 
Pacchionian  bodies.  In  this  region,  too,  a  slight  amount  of  puriform  ma- 
terial was  found,  and  also  in  a  few  other  places  scattered  irregularly  over 
the  cortex,  these  latter  in  the  subarachnoid  space  apparently.  Adhesions  in 
fissures  at  base.  Miliary  tubercles  along  the  small  vessels  in  the  fissure  of 
Sylvius.    Cord  not  removed. 

Histologic  examination  of  liver,  kidneys,  and  spleen  : 

Liver.  Parenchymatous  degeneration.  Slight  increase  of  perilobular  con- 
nective tissue  and  a  tendency  to  multiplication  of  the  bile  capillaries. 
Numerous  microscopic  miliary  tubercles,  the  large  majority  being  in  an 
early  stage,  only  an  occasional  one  presenting  some  cheesy  necrosis.  There 
was  no  confluence  of  tubercles. 

Kidney.  Slight  diffuse  parenchymatous  degeneration.  Numerous  micro- 
scopic miliary  tubercles,  for  the  most  part  early,  though  there  were  a  few 
which  were  decidedly  degenerated  in  their  centers,  and  here  and  there  some 
coalescence  had  taken  place,  so  that  the  mass  was  visible  to  the  naked  eye, 
though  very  small. 

Spleen.  Presented  the  most  pronounced  tuberculous  condition  far  more 
than  any  other  organ  in  the  body.  In  addition  to  countless  miliary  tuber- 
cles in  a  comparatively  early  stage — these  being  far  more  numerous  than 
found  in  the  other  organs — were  confluent  tubercles,  many  of  them  small 
others  very  large,  and  all  in  an  advanced  stage  of  necrosis,  about  one-half  of 
the  organ  being  appropriated  by  this  conglomerate  tubercle  mass.  Both 
kidneys  and  spleen  were  much  congested,  and  extravasations  of  blood  were 
common,  especially  in  the  spleen. 

There  is  an  interesting  similarity  between  the  case  of  the  writer 
and  that  of  Scharold  before  mentioned.  Like  Scharold*s,  my  patient 
became  acutely  ill,  but  having  greater  resisting  power,  the  manifesta- 
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tions  of  general  infection  were  much  less  overwhelming  and  the  dura- 
tion of  the  illness  considerably  more  extended.  Scharold's  case  died 
on  the  seventeenth  day ;  mine  on  the  sixty-eighth.  Like  Scharold^s, 
enlargement  of  the  spleen  was  noticeable  early.  This,  with  other 
acute  manifestations,  had  naturally  caused  the  attendant  prior  to  ad- 
mission to  the  hospital  to  regard  the  case  as  one  of  early  typhoid 
fever,  and  she  was  received  with  this  diagnosis.  Unlike  Scharold's 
case/  symptoms  and  physical  signs  suggestive  of  pulmonary  involve- 
ment were  totally  absent,  and  their  continued  absence,  with  a  similar 
dearth  of  localization  of  the  tuberculous  process  elsewhere,  was  re- 
garded as  most  singular.  As  detailed  in  the  history,  other  than  the 
splenic  enlargement  and  continuous  and  rather  high  temperature, 
there  was  a  curious  absence  of  symptoms  through  the  greater  part  of 
the  course  of  the  case.  The  splenic  enlargement  reached  its  maximum 
rather  early  and  showed  no  increase  after  the  third  week  of  illness. 
The  spleen  was  not  notably  sensitive  to  pressure  until  late  in  the  dis- 
ease. Unlike  Scharold's  (Scharold  gives  only  the  macroscopic  appear- 
ances of  the  presumed  uninvolved  organs)  case,  the  tubercular  process 
had  generalized  when  death  occurred.  Miliary  tubercles  were  then 
evident  in  the  brain,  lungs,  liver,  and  kidneys.  Those  in  the  lungs, 
though  disseminated,  were  recent  and  minute,  the  lungs  showing  no 
indications  of  consolidation.  But  few  also  were  manifest  macroscopi- 
cally  in  the  liver  and  kidneys,  and  none  existed  in  the  peritoneum  or 
in  the  gastrointestinal  tract,  uterine  appendages,  or  bladder.  The 
process  was  so  extensive  and  advanced  in  the  spleen,  and  so  extra- 
ordinarily out  of  proportion  to  that  encountered  elsewhere,  that  Dr. 
Robertson,  though  unaware  of  the  history,  at  once  remarked  the  case 
was  evidently  one  of  primary  miliary  tuberculosis  of  this  organ ;  and 
this,  I  believe,  we  must  so  regard  it. 

Infection  in  this  case  apparently  arose  through  the  consumptive  the 
patient  was  nursing.  It  must,  of  course,  have  occurred  early  in  her 
contact  with  him,  as  symptoms  appeared  acutely  about  the  middle  of 
the  second  week.  She  had  gone  to  the  case  for  humanitarian  reasons, 
and  contrary  to  the  advice  of  her  friends,  a  week  after  the  onset  of  a 
mild  attack  of  supposed  grippe.    Though  this  had  not  confined  her  to 

1  I  was  then  unaware  of  the  case  of  Scharold.    My  attention  was  drawn  to  It  subseqaenlly 
by  Dr.  W.  E.  Robertson. 
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the  house,  she  stated  she  still  felt  weak.  Immediately  prior  to  this 
she  had  left  a  convalescent  typhoid  patient,  in  which  case  she  had 
been  the  sole  nurse,  and  had  continued  with  it  for  two  months.  She 
was  now  ill  prepared  to  undertake  the  arduous  duties  which  devolved 
upon  her  in  nursing  the  consumptive.  As  before  remarked,  this 
patient^s  rooms  were  damp  and  cold,  the  nurse  was  constantly  in 
attendance,  lost  much  sleep,  and  was  poorly  fed. 


A   CASE   OF  ACUTE  LEUKEMIA  PRESENTING 
SOME   INTERESTING  FEATURES. 


By  D.  D.  STEWART,  M.D., 

OF  PHILADELPHIA. 


Thb  accompanying  case  might  not  be  deemed  worthy  of  report, 
because  of  the  incompleteness  of  the  record,  were  there  not  very  spe- 
cial features  of  interest  that  demand  its  publication.  The  patient 
was  in  the  writer's  wards  of  the  Episcopal  Hospital,  in  the  spring 
of  1899,  for  thirty  days  prior  to  her  death. 

She  was  admitted  with  symptoms  which  several  inspections  of  the 
blood,  showing  evident  leukopenia,  caused  the  diagnosis  of  scurvy  to 
be  made.  These  were :  Spongy,  hemorrhagic  gums,  with  looseness 
of  the  teeth,  fetid  breath  and  furred  tongue,  an  anemic  appearance, 
and  a  tendency  to  nose-bleed.  The  patient  had  been  debilitated  since 
the  birth  of  her  last  child,  three  months  before,  and  the  above  symp- 
toms had  since  developed.  Appropriate  treatment  for  scorbutus  was 
ordered,  and  but  little  further  attention  was  paid  to  the  case  until  she 
was  well  into  what  appeared  to  be  an  attack  of  typhoid  fever.  The 
history  is  as  follows : 

Ann  S.»  aged  twenty-eight  years;  birthplace,  Philadelphia;  occupation, 
housework.  Admitted  to  the  Episcopal  Hospital  April  11,  1899.  Death, 
May  11,  1899. 

Family  History,  Father  said  to  have  died  of  heart  disease ;  mother  of 
insanity.    Otherwise  family  history  negative. 

Previous  History.  Had  measles  when  a  child ;  no  other  infectious  disease. 
Fairly  healthy  until  lately,  save  that  she  had  had  a  bad  diarrhea  aAer  the  birth 
of  one  of  her  children.  No  specific  history ;  never  had  had  chills  and  fever. 
Married  for  nine  years;  five  children;  last  child  born  three  months  before 
admission.  Had  nursed  child  for  one  month.  She  was  of  slender  build,  and 
her  complexion  was  said  to  have  been  always  pallid. 

Present  Illness.  Began  some  two  or  three  months  before  (about  February, 
1899),  shortly  after  the  birth  of  her  child ;  then  the  gums  became  swollen  and 
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bled  easily.  There  has  since  been  a  tendency  to  nose-bleed,  but  no  hemor- 
rhage from  other  parts  of  the  body.  On  admission  it  was  noted  that  the 
patient  presented  a  rather  anemic  and  markedly  ill-nourished  appearance, 
which  she  said  was  habitual  with  her.  There  was  a  history  of  overwork  and 
privation.  The  gums  were  much  swollen,  soft,  and  spongy,  almost  covering 
the  teeth  in  places,  and  tended  to  bleed  easily.  There  had  been  no  saliva- 
tion, and  she  had  not  taken  calomel.  The  teeth  were  quite  loose  and  the 
breath  very  foul ;  the  tongue  swollen  and  furred.  The  heart  sounds  were 
enfeebled ;  no  murmurs  were  present.  Indications  of  enlargement  of  the 
external  lymph  glands  were  not  evident,  and  the  area  of  splenic  dulness  was 
little  increaised  over  the  normal. 

An  inspection  of  the  blood  by  Dr.  Ghriskey  on  several  occasions  during 
the  first  week  of  admission  invariably  showed  a  diminished  number  of  leu- 
kocytes, a  number  of  fields  having  to  be  covered  for  one  to  be  seen.  Red 
corpuscles  pale,  not  distorted.  No  estimation  of  red  or  white  corpuscles  was 
then  made. 

Ad  astringent  mouth-wash  was  prescribed.  She  was  given  a  nourishing 
diet,  containing  such  green  vegetables  as  could  be  procured,  and  expressed 
meat  juice  and  lemonade.  Tincture  of  iron  in  syrup  of  lemon  was  prescribed, 
and  a  moderate  amount  of  strychnine  and  whiskey  ordered.  Her  temperature 
from  the  day  of  her  admission  is  as  recorded  on  the  accompanying  chart. 

On  the  day  of  her  admission  (April  11th)  and  that  following  it  varied 
from  IOC*  to  101°,  reaching  103.1''  on  the  18th,  but  subsequently,  until  the 
19th,  it  did  not  exceed  100^.  It  had  then  begun  to  show  a  gradual  rise, 
suggestive  of  typhoid  fever. 

There  was  a  great  deal  of  typhoid  fever  in  the  wards  at  the  time,  and, 
coincident  with  the  occurrence  of  the  more  or  less  characteristic  temperature 
rise,  it  was  suspected  she  was  developing  this  disease.  During  the  latter 
part  of  April  her  spleen,  which  on  admission  had  not  been  palpable,  was 
now  notably  so.  There  was  diarrhea,  and  spots  had  appeared  on  the  ab- 
domen which  superficially  resembled  the  rash  of  enteric  fever,  and  on  May 
2d  the  blood  was  reported  to  give  a  typical  Widal  reaction.  The  examina- 
tion was  made  at  the  City  Laboratory  by  Dr.  A.  H.  Stewart,  from  a  dried 
specimen.  Unfortunately,  a  second  specimen  was  not  sent.  The  abdomen 
had  become  distended,  and  there  was  marked  tenderness  in  the  right  iliac 
region. 

On  May  7,  1899,  it  was  noted  that  the  rash  had  become  general,  and  was 
unlike  that  of  typhoid  fever.  The  spots  had  much  increased  in  size,  and  in 
places  were  becoming  purpuric.  Much  aching  was  complained  of  in  the 
extremities.  The  breath  was  highly  offensive ;  the  gums  hemorrhagic  and 
sloughing  at  several  points.  The  heart  sounds  were  much  enfeebled ;  the 
spleen  had  become  much  enlarged,  and  was  palpable  two  finger- breadths 
below  the  costal  margin.  The  bowels  were  now  very  loose.  An  inspection 
of  the  blood,  which  had  not  been  made  since  the  first  week  of  admission, 
showed  an  extensive  leukocytosis,  the  large  mononuclear  cells  prevailing. 
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The  report  was:  Leukocytes,  89,600 ;  erythrocytes,  1,280,000;  hemoglobin, 
25  per  cent.  Urine  (catheterized  specimen)  turbid;  contains  numerous 
whitish  flakes  in  suspension ;  reaction  acid.  Albumin,  marked  trace  to  heat 
and  acid.  Microscopically,  numerous  leukocytes,  singly  and  in  dumps; 
granular  and  epithelial  casts ;  many  erythrocytes. 

On  May  9th  it  was  noted  that  the  purpuric  rash  had  become  more  or  lesi 
general  and  tended  to  be  confluent.    Leukocyte  estimation  102,000. 

May  11,  1899.  Leukocyte  estimation  made,  but  report  missing.  It  is 
recalled  that  the  count  was  considerably  in  excess  of  that  of  the  9th  inst 
She  had  a  moderate  hemorrhage  from  the  bowel  on  the  evening  of  the  10th, 
and  a  very  large  one  the  following  morning.  This  was  followed  by  symp- 
toms of  collapse.  Despite  repeated  hypodermoclysis  and  other  measures  to 
restore  her,  she  died  the  evening  of  the  11th.  In  the  last  week  of  her  ill- 
ness diarrhea  was  excessive. 

Pathologic  Report  by  Dr,  Robertson, 

"Necropsy  made  six  hours  after  death.  Body  of  a  rather  emaciated 
woman.  Purpuric  spots  over  abdomen ;  gums  soft  and  swollen,  and  over- 
lapped teeth  more  than  normally;  subcutaneous  fat  greatly  diminished; 
musculature  very  poor. 

"  Thorax,  Pericardial  fluid  normal  in  appearance  and  amount  Heart 
muscles  pale  and  flabby;  valves  and  oriflces  normal;  weight  256  grams. 
Hemorrhagic  foci  on  visceral  layer  of  the  pericardium.  Lungs:  Calcareous 
nodule  in  apex  of  right  lung ;  otlierwise  both  are  normal  throughout. 

*^ Abdomen.  Stomach  low  in  position.  Kidneys,  both  movable,  the  right  one 
freely,  the  lower  margin  being  on  a  level  with  the  crest  of  the  ilium,  though 
some  attachment  still  remained,  being  formed  by  the  original  perirenal  tissue, 
which  had  been  converted  into  a  long  band.  Both  kidneys  pale  on  section; 
cortex  widened,  due  to  parenchymatous  degeneration.  Right  kidney  weighed 
208  grams,  the  left  one  256  grams.  Liver  enlarged,  rather  pale,  seat  of  par- 
enchymatous degeneration.  Spleen  much  larger  than  normal ;  weight  432 
grams.  Quite  firm ;  unlike  that  which  one  flnds  usually  in  typhoid  infection. 
Intestines:  Small  bowel  contained  no  ulcers.  Peyer's  patches  distinctly  visi- 
ble, owing  to  numerous  small  pigmented  spots  within  them.  There  were  no 
signs  of  inflammation  anywhere.  The  cecum,  ascending  and  transverse  colon 
contained  many  deep,  ragged  ulcers,  many  with  black  hemorrhagic  sloughs 
partly  separated.  A  few  of  the  ulcers  were  perilously  near  perforation,  the 
serosa  alone  remaining,  and  this  latter  on  its  peritoneal  surface  and  the  jux- 
taposing peritoneum  was  congested  and  roughened.  Large  blood-clots  were 
found  in  the  large  bowel.  These  ulcers  did  not  resemble  any  typhoid  ulcera- 
tions that  I  have  ever  seen.  They  were  very  irregular  in  outline,  and  the 
erosion  itself  seemed  to  have  progressed  with  varying  degree  of  rapidity  in 
the  same  ulcer,  hence  the  bosaelated  character,  the  unevenness  of  the  base. 
The  appendix,  which  was  very  long,  contained  two  small  ulcers  near  its  tip. 
Unfortunately,  no  special  study  of  the  bone-marrow  was  made,  the  ribs  and 
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sternum  alone  being  examined,  and  here  it  was  normally  of  the  red  variety. 
The  inguinal,  mesenteric,  and  peribronchial  lymph  glands  were  enlarged  and 
firm. 

'*  Microscopically  the  ulcerated  portion  of  the  intestine  appeared  as  fol- 
lows :  The  mucosa  was  completely  necrotic,  and  sections  stained  with  thiooin 
showed  numerous  micro-organisms,  chiefly  bacilli  and  streptococci.  These 
had  not  penetrated  very  deeply  into  the  submucosa.  The  lymphoid  tiaue 
had  been  infiltrated  with  plasma  cells  and  large  and  small  lymphocytes,  so 
that  as  a  matter  of  fact  the  normal  adenoid  tissue  had  been  obliterated. 
Numerous  plasma  cells  and  mast  cells  were  found  scattered  throughout  the 
submucosa. 

"Spleen.  Vessels  thickened;  Malpighian  corpuscles  much  less  marked 
than  normally,  being  apparently  largely  displaced  by  the  very  rich  celluiar 
parenchyma.  Plasma  cells  and  large  endothelial  cells  seem  to  make  up  the 
large  part  of  these.    No  bacteria  could  be  found. 

^^ Lymph  Gland.  The  normal  arrangement  of  a  lymph  gland  is  totally  lost. 
It  is  very  rich  in  cells,  plasma  and  endothelial,  the  latter  apparently  de- 
scendants of  the  cells  lining  the  lymph  vessels  and  spaces.  Small  and  Urge 
lymphoid  cells,  aggregated  into  groups  and  surrounded  by  attenuated  fihroofl 
tissue,  on  an  approach  to  the  normal,  was  only  found  in  the  periphery  of  the 
gland.    No  micro-organisms  found. 

** Liver.  Parenchyma  cells  swollen  and  granular,  the  seat  of  parenchymatous 
degeneration.  No  increase  of  connective  tissue  or  bile-ducts,  but  here  and 
there  aggregations  of  lymphocytes  and  connective- tissue  cells. 

**  Kidney.  Seat  of  parenchymatous  degeneration ;  moderate  congestion. 
About  the  glomeruli  and  between  some  of  the  tubules,  particularly  in  the 
neighborhood  of  the  glomeruli,  were  aggregations  of  plasma  cells  and  large 
lymphocytes. 

**  Heart,  An  interstitial  collection  of  plasma  and  connective-tissue  cells  and 
a  few  lymphocytes.    Muscle  fibers  stain  well. 

"  From  the  histologic  examination  the  picture  is  that  of  any  of  the  acute 
infections  plus  the  great  increase  of  lymphocytes.  The  plasma  cell  has  heen 
found  particularly  in  typhoid  and  diphtheria,  but  is  met  with  in  other  infec- 
tions also,  though  I  scarcely  think  in  as  great  numbers.  How  large  a  part 
they  play  in  scurvy  or  acute  leukemia  I  do  not  know.'' 

Specimens  for   microscopic    examination  were  also    submitted  to 
Prof.  Simon  Flexner.     The  following  is  his  report : 

'*  Infeitfine.  The  section  of  intestine  consists  of  a  nodule  equally  within  the 
mucous  membrane  and  the  adjacent  tunic,  including  a  portion  of  the  omen- 
tum. The  nodule  occupies  the  whole  of  the  mucous  membrane  as  far  ts 
contained  within  the  section,  with  the  exception  of  a  fragment  of  tissue,  at 
one  end  in  which  the  crypts  of  Lieberkuehn  are  still  present.  With  this 
latter  exception  the  entire  tissue  is  degenerated  and  refuses  to  take  the 
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staining  agents.  The  remainder  of  the  memhrane  is  made  up  hy  cells 
separated  hy  a  stroma,  in  some  plases  coarse  in  texture  and  in  others  fibrillar. 
The  degenerated  edge  goes  over  quite  sharply  into  the  cellular  layer,  and 
there  the  line  of  demarcation  is  occupied  by  brightly  staining  cells  and 
intercellular  tissue. 

''As  regards  the  preserved  portion  of  the  cellular  infiltration,  it  consists  of 
cells  of  large  size  possessing  vascular  nuclei,  the  latter  being  reticulated,  and 
an  abundance  of  protoplasm.  Among  these  are  small  cells  resembling 
lymphoid  cells  in  all  particulars.  Many  of  these  cells  show  karyokinetic 
figures.  These  figures  are  especially  marked  in  the  larger  cells  described ; 
they  exist  throughout  the  nodule,  are  about  uniformly  distributed,  and  in  the 
preserved  edge  of  the  tissue,  just  below  the  degenerated  tissue,  are  present  as 
described.  These  dividing  cells  show  all  stages  from  the  simple  dividing 
aster  to  the  completely  divided  nucleus ;  rarely  four  or  five  nuclei  are  found 
contained  within  a  single  cell.  The  infiltration  described  involves  the  mu- 
cous membrane  and  submucosa,  so  that  no  distinction  can  be  made  out  in 
these  two  tunics.  The  muscular  coat,  on  the  other  hand,  is  less  uniformly 
affected,  but  in  it  are  islands  of  cellular  tissue,  presenting  the  same  charac- 
ters as  those  of  the  mucosa  and  submucosa.  The  cells  composing  the  nodules 
are  made  up  chiefly  of  the  larger  cells  described.  Among  these  there  is  also 
evidence  of  karyokinesis.  The  peritoneal  coat  is  very  difi^usely  infiltrated 
with  similar  larger  cells  chiefly,  although  some  of  the  smaller  lymphoid  cells 
are  also  present,  and  cell  division  is  going  on  among  these  cells.  The  blood- 
vessels, chiefly  of  the  muscular  coat,  show  an  increase  of  white  elements, 
especially  of  larger  white  elements  with  single  nuclei,  and  it  is  found  that 
nodules  in  the  muscular  coat  had  developed  about  such  bloodvessels,  and 
perhaps  also  about  lymphatics.  The  type  of  large  cell  agrees  with  the  type 
of  large  mononuclear  leukocyte  as  found  in  the  blood,  and  they  may  be  con- 
sidered as  being  alike,  inasmuch  as  those  within  the  vessels  agree  with  those 
without  the  vessels.  That  the  nodules  have  arisen,  at  least  in  part,  by  pro- 
liferation in  »itu  is  shown  by  the  active  karyokinesis. 

"  Mesenteric  Qland,  Section  of  this  gland  shows  that  it  is  not  greatly 
enlarged.  Upon  microscopic  examination  there  is  seen  hyperplasia  of  the 
entire  gland,  which  largely  obliterates  the  distinction  between  the  cortex 
and  medulla,  and  in  which  there  are  numbers  of  cells  having  the  general 
characteristics  of  large  mononuclear  leukocytes.  In  thej^e  cells  karyokinesis 
is  also  apparent. 

^^ Spleen,  Shows  a  considerable  amount  of  yellow  blood  pigment.  It  is 
uniformly  infiltrated  with  cells ;  rarely  can  a  Malpighian  body  be  made  out. 
The  cells  are  of  the  type  of  lymphocytes,  the  larger  ones  chiefly  being  repre- 
sented. Cellular  accumulations  are  found,  especially  in  the  pulp.  Karyo- 
kinesis also  appears  in  the  large  cells. 

^* Liver.  The  cells  are  granular;  the  capillaries  contain  a  greatly  increased 
number  of  white  elements  which  partake  especially  of  the  character  of 
lymphocytes.     In  addition  to  which  there  are  scattered  nodules  of  cells 
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Burroundiog  branches  of  the  hepatic  veins  especially,  consisting  of  luge 
lymphocytes  admixed  with  a  small  number  of  small  lymphocytes.  These 
occupy  the  sheath  of  vessels  and  extend  into  the  liver  tissue  and  take,  in 
part,  its  place.    Karyokinesis  is  also  to  be  seen  among  these  cells. 

"Kidney.  Shows  swelling  and  granular  degeneration,  and  some  fatty 
degeneration  of  the  tubular  epithelium.  It  also  shows  small  hemorrhsgM 
into  the  tubules  and  focal  accumulations  of  the  large  mononuclear  elements 
within  the  kidney  substance*  chiefly  about  the  glomeruli. 

**  Heart.  Section  of  heart  muscle  shows,  first,  an  increase  in  fibrous  tissue 
about  the  larger  bloodvessels;  second,  focal  accumulation  of  cells,  chiefly  of 
the  type  of  lymphocytes  between  the  muscle  fibers.  These  accumulatioos 
are  often  elongated,  adapting  themselves  to  the  space  between  the  fibers. 
An  occasional  nucleus,  such  as  are  found  in  polymorphonuclears,  and  an 
occasional  red  cell  are  also  found. 

"Diagnosis.  These  sections  come  from  an  undoubted  case  of  lymphatic 
leukemia  of  the  large  mononuclear  type.  The  bloodvessels  contain  greatly 
increased  numbers  of  these  mononuclear  elements.  From  the  bloodvesselB 
they  have  escaped  into  various  situations  of  the  body,  especially  into  the 
intestinal  mucosa  and  submucosa,  where  they  have  developed  with  the  pro- 
duction of  leukemic  nodules." 

A  differential  blood-count  was  made  for  me  by  Dr.  Thayer,  of  the 
Johns  Hopkins  Hospital,  for  which  I  here  express  my  great  indebted- 
ness.    It  is  as  follows  : 

"  The  specimen  of  blood  which  you  sent  me  is  very  remarkable.  It  is 
clearly  an  example  of  large-celled  lymphatic  leukemia.  I  have  seen  similai 
bloods  in  two  instances  of  very  acute  lymphatic  leukemia — in  one  associated 
with  hemorrhagic  and  extensive  areas  of  cutaneous  gangrene.  The  type  of 
blood  is  that  which  in  my  experience  is  associated  with  the  most  rapid  and 
malignant  type  of  lymphatic  leukemia.  The  two  specimens  were  stained- 
one  with  Ehrlich's  eosin-hematoxylin,  the  other  with  the  triple  sUin.  In 
the  first  place,  the  specimens  stained  badly.  Whether  with  the  triple  stain 
or  with  other  stains,  the  ground  substance  between  the  different  cells  Ukesa 
distinct  color,  a  slight,  diffuse  lilac  stain  in  specimens  stained  with  the  triple 
stain,  and  a  more  reddish  color  in  the  eosin-hematoxylin  specimen.  Thisis 
especially  marked  round  about  each  leukocyte.  The  red  corpuscles  show 
moderate  variation  in  size— a  slight,  though  not  great,  poikilocytosis.  So 
nucleated  red  blood-corpuscles  were  seen.  There  is  a  great  increase  in  the 
number  of  leukocytes,  which  are  almost  entirely  mononuclear.  Many  of 
these,  however,  show  nicks  and  divisions  in  the  nucleus,  for  the  most  part 
not  like  those  occurring  in  the  ordinary  development  of  the  polymorpho- 
nuclear leukocyte.  The  most  striking  feature  about  the  specimen  is  the 
almost  absolute  lack  of  granules.  Scarcely  a  single  element  conUiniog 
undoubted  neutrophilic  granules  has  been  found.    Afker  considerable  search 
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a  single  eosinophile  was  seen.  The  mononuclear  elements  consist  of  typical 
small  lymphocytes  with  deeply-staining  nuclei,  which  nearly  fill  the  cell 
body,  and  of  elements  larger  than  these  all  the  way  up  to  bodies  larger  than 
the  ordinary  polymorphonuclear  cells.  These,  as  has  been  said,  show  in 
many  instances  nicks  which  are  sometimes  deep,  so  as  occasionally  almost 
to  divide  the  nucleus  in  half.  On  account  of  their  general  similarity  in 
character  to  the  larger  mononuclear  cells,  these  have  all  been  classed  as 
mononuclear  elements.  The  protoplasm  of  some  of  these  elements  is  deeply 
staining,  of  a  brownish  or  slightly  lilac  color,  of  others  with  grayish,  and  of 
others  nearly  colorless.  The  number  of  cells  with  nuclei  like  those  of  the 
ordinary  polymorphonuclear  leukocyte  was  small.  A  differential  count  of  a 
thousand  leukocytes  showed  :  Typical  small  lymphocytes,  16  per  cent.  Mono- 
nuclear elements  smaller  than  the  ordinary  polymorphonuclear  leukocyte, 
usually  with  palely  staining  nucleus,  some  showing  nicks  as  above  referred 
to,  22.4  per  cent.  Cells  a^  large  as  polymorphonuclear  leukocytes  or  larger, 
with  a  nucleus  usually  palely  staining,  55.6  per  cent.  Cells  with  distinct 
polymorphous  nucleus,  and  some  showing  a  suggestion  of  granulation,  but 
no  positive  neutrophilic  granules,  6  per  cent.  No  nucleated  reds  or  eosino- 
philes  were  found  among  the  thousand  counted." 

An  analysis  of  this  case  has  been  puzzling  to  me.  At  the  time  of 
its  observation  my  notion  was  that  on  admission  to  the  hospital  it  was 
one  of  scurvy,  that  typhoid  infection  had  then  occurred,  and  that 
the  acute  leukemia  had  appeared  as  a  complication  of  the  presumed 
typhoid  fever.  The  patient  had  been  ailing  for  two  or  three  months, 
and  on  admission  her  gums  were  spongy,  much  swollen,  and  hemor- 
rhagic, and  the  teeth  loose.  Yet  several  inspections  of  the  blood  by 
Dr.  Ghriskey,  whose  careful  technique  is  well  known,  showed  an  evi- 
dent leukopenia.  It  is  well  known  that  in  ordinary  spleno-medullary 
leukemia  there  may  be  periods  in  the  course  of  the  disease  in  which, 
with  or  without  extensive  splenic  enlargement  persisting,  the  leuko- 
cytes approach  the  normal  in  number,  or  even  fall  below,  and  that 
the  separation  of  such  a  case  from  ordinary  splenic  anemia  must  be 
made  by  the  persistence  of  myelocytes  in  considerable  number.  Or- 
dinarily, lymphatic  leukemia  is  acute  in  its  onset  and  course.  In  the 
less  common  chronic  cases  there  are,  I  believe,  no  observations  show- 
ing the  intercurrent  existence  of  periods  in  which  the  leukocytes 
diminish  to  normal  or  fall  below,  and  in  which  a  high  percentage  of 
lymphocytes  persists.  With  glandular  enlargement  evident  such  a 
case  would  be  indistinguishable  from  Hodgkin's  disease,  in  certain 
cases  of  which  there  may  be  increased  percentage  of  lymphocytes 
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without  the  total  namber  of  leukocytes  being  above  the  normal.    In 
the  present  case  it  is  difficult  to  conceive  lymphatic  leukemia  with- 
out leukocytosis  and  without  evident  external  glandular  enlargement, 
which  in   this  case  did  not  exist  on  admission,  and  only  occurred 
toward  the  termination  of  the  case ;  there  then  was  moderate  swelling  of 
the  cervical,  axillary,  and  inguinal  glands.     In  the  present  case  I  am 
forced  to  conceive  a  preleukemic  blood  state  in  which,  without  leuko- 
cytosis, if  a  differential  count  had  been  made  on  admission,  a  high 
percentage  of  lymphocytes  would  probably  have  been  found  to  exist 
But  as  a  lymphocytosis  may  occur  in  scurvy,  the  diagnosis  of  possible 
leukemia  would  have  been  favored  less  by  this  than  by  the  febrile 
temperature,  and  the  lack  of  prompt  improvement  in  the  case  under 
an  antiscorbutic  regimen.     The  woman  was 'of  the  lower  class;  had 
for  years  overtaxed  her  strength,  and  had  been  ill-nourished.    She 
had  just  passed  through  gestation  and  a  month  of  lactation^  so  that  the 
conditions  were  favorable  for  the  development  of  any  morbid  blood 
state.     Bearing  in  mind  the  aping  of  the  clinical  picture  of  typhoid 
fever  by  acute  leukemia,  it  is  still  conceivable,  though  not  altogether 
probable,  that  this  patient  had,  preceding  the  development  of  un- 
doubted acute  leukemia,  a  typhoid  infection.    Certainly  spots  appeared 
which  were  regarded  similar  to  those  of  typhoid,*  and  the  blood  was 
reported  by  Dr.  A.  H.  Stewart,  of  the  City  Laboratory,  who  has  bad 
an  extensive  experience  in  such  examinations,  to  give  the  typical 
Widal  reaction.* 

Unfortunately,  cultures  were  not  made  in  life  or  after  death  to 
determine  the  existence  of  the  typhoid  organism.  The  importance 
of  such  cultures  was  recognized;  they  were  requested  repeatedly, 
but  in  the  very  large  amount  of  detailed  labor  then  thrown  on  Dr. 
Ghriskey  in  the  organization  of  the  clinical  laboratory,  then  in  its 
incipiency,  and  who  was  working  without  an  assistant,  they  were 
omitted.^ 

The  postmortem  picture  was  that  of  an  acute  severe   infection. 

1  Bill  the  iniimie  character  of  which  no  record  exists,  as  the  oondiUon  wai  then  thought » 
he  tyjihoid  fever. 

^  llie  Widal  reaction  was  examined  for  but  once,  and  from  a  dried  blood  fpedmen.  We 
Had  1,01  tJion  Vcun  Mich  examinations  at  the  hospital. 

,,.',.      .^'^/•'^"l  'it  this  time  was  much  overcrowded.     Beside  the  usual  run  of  cases  then 
cm  imZZ       V]^^'''  '^''*^"^>-«''-^»^t  ca.es  of  typhoid  fever.    This  service  natumlly  entailed  both 

than  'o..uulT     ,    ^'^'"'^^^'y  '"^'^  the  rcMdeuta  an  excessive  amount  of  routine  work,  and  more 
man  could  ]je  adequately  well  d(.ne. 
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The  ulcers,  the  erosion  of  a  vessel  of  one  of  which  had  caused  the 
fatal  hemorrhage^  were  limited  to  the  colon.  Dr.  Thayer's  report  of 
the  blood  condition  is  especially  interesting,  in  that  it  shows  the  case 
to  belong  to  a  type  of  very  acute  malignant  leukemia.  This  argues 
against  the  existence  of  a  disease  nearly  four  months  before,  at  the 
time  of  the  appearance  of  spongy  gums,  and  with  the  absence  of  a 
leukocytosis  on  admission  to  the  hospital  a  month  before.  My  own 
judgment  is,  viewing  these  and  other  facts  in  the  case,  that  the  leu- 
kemia was  but  in  its  incipiency  on  admission ;  that  it  had  very  acute 
onset,  with  the  gradual  rise  in  temperature  suggestive  of  typhoid 
fever ;  that  the  earlier  conditions  represented  a  blood  dyscrasia  allied 
to  scurvy,  upon  which  the  very  acute  and  fatal  leukemia  was  subse- 
quently engrafted. 
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A  CASE  OF  MALARIAL  NEPHRITIS,  WITH  MASSING 

OF  PARASITES  IN  THE  KIDNEY. 


By  JAMES  EWING,  M.D., 

OF  NEW  YORK  CITY. 


The  frequent  occurrence  of  renal  lesions  in  malarial  ferer  was 
described  long  before  the  discovery  of  the  malarial  parasite,  and  has 
been  very  constantly  recognized  throughout  the  progress  of  oar 
knowledge  of  the  disease. 

Owing  to  the  studies  of  Rempicci,  in  Italy,  and  of  Thayer,  in 
America,  it  is  unnecessary  to  again  review  in  detail  the  contribntioDS 
of  the  various  observers  in  this  important  field.  On  the  evidence 
collected  and  largely  contributed  by  these  two  writers  one  may  now 
state  with  confidence  that  albuminuria  is  nearly  constantly  present  in 
pernicious  estivo-autumnal  infections,  and  is  frequently  observed  in 
the  milder  tertian  cases.  Of  greater  interest  and  importance  are  the 
rather  numerous  records  of  distinct  signs  of  an  acute  exudative  process 
in  the  kidneys,  usually  in  estivo-autumnal  cases,  less  often  in  tertian 
infections,  and  consisting  in  the  presence  in  the  urine  of  epithelial 
and  granular  casts,  many  blood-cells,  as  well  as  considerable  albumin. 
Although  the  milder  changes  in  the  urine  may  develop,  according  to 
Rempicci,  either  during  or  shortly  after  the  acute  attack,  it  would 
seem  that  the  more  severe  urinary  signs  can  be  safely  attributed  to 
the  malarial  infection  only  when  arising  in  the  course  of  a  pronounced 
acute  seizure. 

Recovery  has  usually  followed  the  acute  symptoms,  but  Kelsch  and 
Kiener,  Laveran,  Marchiafava  and  Bignami,  Rempicci,  and  Thayer 
have  described  various  types  of  chronic  nephritis  occurring  in  long- 
established  or  chronic  cases  of  malaria,  while  Kelsch  and  Kiener  state 
that  the  chronic  nephritis  of  malaria  is  distinguished  from  other  types 
by  the  prominence  of  hemorrhages  and  the  comparative  absence  of 
fatty  and  hyaline  degeneration  and  of  arterial  changes. 
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The  acute  nephritis  of  malaria  is  almost  never  immediately  fatal, 
so  that  the  pathologist  must  speak  with  reserve  regarding  the  origin 
and  significance  of  many  of  the  cases  of  exudative  nephritis  commonly 
attributed  to  malaria.  In  view  of  the  frequent  clinical  reports  of  the 
presence  of  considerable  albumin^  many  casts,  and  of  blood-cells  in 
the  urine,  and  less  often  of  edema  and  mild  uremic  signs  in  the  dis- 
ease^ it  seems  certain  that  during  severe  malarial  infection  a  true 
exudative  nephritis  is  sometimes  excited.  Even  in  the  absence  of 
pathological  examination  of  the  kidneys  these  symptoms  may  with 
some  confidence  be  referred  to  congestion  of  vessels,  acute  degen- 
eration of  cells,  and  exudation  of  serum  and  diapedesis  of  red  cells 
from  the  bloodvessels,  all  dependent  upon  the  action  of  the  malarial 
toxin  upon  the  renal  tissue. 

Coming  now  to  the  fatal  cases  of  pernicious  malaria  in  which  there 
has  been  a  microscopical  examination  of  the  kidney,  the  conditions 
found  in  this  organ  in  all  except  hemoglobinuric  cases  have  been 
very  uniform.  The  lesions  observed  have  been  those  of  a  severe  acute 
degeneration  of  the  cortical  tubule  cells,  with  moderate  exudation  of 
albumin  into  the  tubules  and  glomeruli. 

The  chief  contributions  in  this  field  have  come  from  Guarnieri, 
Marchiafava  and  Bignami,  Monti,  Bastianelli,  Barker,  and  Beneve- 
nuti.  In  all  of  the  reports  of  these  observers  the  nephritis  has  been 
clearly  of  toxic  origin,  while  the  number  of  parasites  found  in  the 
kidney  has  been  small,  although  they  were  usually  very  numerous  in 
other  tissues.  The  single  exception  to  this  rule  is  found  in  one  of 
Barker's  cases,  in  which  death  and  probably  the  recent  changes  in  the 
kidneys  were  principally  referable  to  general  infection  by  streptococcus 
pyogenes.  Here  the  renal  capillaries  were  frequently  thrombosed  by 
masses  of  streptococci  and  large  numbers  of  tertian  parasites.  This 
case  cannot,  therefore,  be  regarded  as  one  of  malarial  nephritis,  but 
rather  as  an  example  of  pyemia  or  septicemia  terminating  the  usual 
benign  course  of  a  tertian  malarial  infection. 

The  invariable  freedom  of  the  kidney  from  localization  of  parasites 
in  pernicious  cases  cannot  be  attributed  to  the  phagocytic  powers  of 
this  organ,  which  enjoys  only  a  moderate  capacity  to  destroy  para- 
sites. Guarnieri,  who  noted  the  small  number  of  parasites  in  the 
kidneys  of  his  and  other  cases,  referred  this  comparative  immunity  to 
the  rapid  circulation  of  the  organ. 


452  KWiNOy 

The  examination  of  the  records  of  microscopical  examinations  of 
the  kidneys  in  malarial  fever  fully  warrants  the  latest  conclusions  of 
Marchiafava  and  Bignami  regarding  the  origin  of  the  renal  changes 
in  pernicious  malaria,  which  are  as  follows,  quoting  from  their  article 
m  the  Twentieth  Century  Practice  : 

^'As  to  the  pathogenesis  of  the  renal  lesions  in  malarial  infections, 
we  are  at  present  able  only  to  form  theories.  The  knowledge  of  the 
parasite  has  so  far  thrown  no  light  on  the  pathogenesis  of  the  nephritis. 
In  pernicious  infections  very  few  parasites  are  found  in  the  kidneys, 
even  when  the  changes  in  the  epithelium  may  be  so  grave  as  to  lead 
to  necrosis.  From  this  fact  we  may  infer  that  the  lesions  are  due  not 
to  a  localization  of  parasites  in  the  renal  capillaries,  but  to  some  toxic 
substance  eliminated  by  the  kidneys/' 

My  own  experience  in  the  examination  of  fourteen  fatal  cases  of 
malaria,  seen  mostly  at  Montauk,  in  1898,  fully  accorded  with  the  above 
conclusion,  as  I  found,  usually,  extensive  degenerative  changes  in  the 
kidneys,  once  the  lesions  of  hemoglobinuric  malaria,  but  comparatively 
few  or  no  parasites  in  the  renal  vessels.  The  present  case,  recently 
encountered,  developing  in  the  vicinity  of  New  York,  showing  the 
clinical  symptoms  of  acute  hemorrhagic  nephritis  with  partial  suppres- 
sion of  urine,  and  giving  clear  microscopical  evidence  of  extreme  mass- 
ing of  parasites  in  the  kidney,  with  various  mechanical  lesions  resulting 
from  their  presence,  seems  to  require  a  reversal  of  the  above  conclu- 
sion, and  appears  to  show  that  malarial  nephritis  may  be  caused 
principally,  or  in  large  part,  by  the  presence  of  an  excessive  number 
of  parasites  in  the  renal  capillaries. 

The  patient  was  a  friendless  giri,  aged  seventeen  yearsi  a  Slav,  who  had  been 
in  America  one  year.  She  had  enjoyed  good  health  until  going  as  a  servant 
to  College  Point,  Long  Island,  in  July,  1900.  She  was  discharged  early  in 
September  on  account  of  an  alleged  '*  inability  to  work,"  and  this  fact,  to- 
gether with  a  distinct  pallor  and  slight  jaundice  noted  on  her  return  to  the 
city,  indicates  that  she  had  suflfered  for  some  weeks  from  malaria  contracted 
on  Long  Island.  September  12th  she  was  taken  acutely  ill  with  chills  and 
fever,  and  being  without  the  help  of  a  physician,  she  became  steadily  worse 
until  brought  by  ambulance  to  the  hospital,  on  September  17th. 

On  admission y  the  patient  was  well  nourished  ;  tongue  moist,  slightly  coated, 
prostration  marked ;  physical  examination  of  lungs,  heart,  and  liver  was 
neprsitive;  the  area  of  splenic  dulness  was  enlarged,  but  the  organ  was  not 
palpable;  there  was  slight  edema  of  the  legs;  the  urine,  voided  naturally  in 
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moderate  quantity,  was  described  as  of  high  color,  clear,  acid  in  reaction ; 
specific  gravity  1018  ;  urea  two  and  a  half  grains  to  the  ounce ;  albumin  2  per 
cent,  by  volume;  sugar  absent.  Microscopically  there  were  noted  epithelial 
cells,  many  red  blood-cells  and  amorphous  urates ;  diazo  reaction  marked ; 
temperature  104.2^;  pulse  98.  On  September  18th  there  was  vomiting  of 
food  and  medicines;  constipation  was  relieved  by  enemas;  retention  of 
urine,  with  marked  diminution  in  its  quantity,  which  continued  until  death. 
Delirium  developed  on  September  19th,  and  was  controlled  by  morphin, 
salphonal,  and  choralamid,  given  at  intervals,  on  the  19th  and  20tb.  On  the 
19th  she  vomited  a  round  worm,  and  was  given  at  intervals  three  doses  of 
santonin,  three,  five,  and  fifteen  grains,  without  any  change  being  noted  in 
the  urine,  stools,  or  conjunctiva.  Delirium  continued  on  the  20th,  and  the 
pulse  failing  steadily,  she  became  comatose,  and  died  at  9  p.m.  The  tem- 
perature-chart is  appended.  The  clinical  diagnosis  was  typhoid  fever,  with 
acute  nephritis. 
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Autopsy  by  Dr.  Otto  Schultze,  thirteen  hours  afler  death.  Body  well  nour- 
ished ;  rigor  well  marked.  Heart  normal ;  an  ounce  of  straw-colored  fluid 
in  pericardium ;  a  few  ecchymoses  in  visceral  pericardium.  Lungs :  A  few 
old  pleural  adhesions ;  a  few  ecchymoses  in  visceral  pleura.  Liver  appeared 
normal.  Pancreas  normal.  Stomach  normal.  Ileum  congested,  solitary 
follicles  moderately  swollen.  Colon  congested.  Spleen  much  enlarged ; 
weight  sixteen  ounces,  consistence  firm ;  Malpighian  bodies  prominent ; 
pulp  dark  red.  Kidneys  together  weigh  sixteen  ounces;  consistence  re- 
duced ;  capsule  free ;  cortex  remarkably  light  in  color.  Medulla  and  papillse 
extremely  dark  and  slightly  rust-colored;  cortical  markings  entirely  ob- 
scured.   In  the  cortex  of  right  kidney  there  is  a  superficial  anemic  infarct 
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with  surrounding  hemorrhagic  zone.  This  infarct  measures  3}  x  2  cm.  in 
area,  and  2  mm.  in  depth. 

Anatomical  Diagnosis.  Acute  hemorrhagic  nephritis.  There  was  still  no 
suspicion  of  malarial  infection.  Cultures  of  liver,  spleen,  and  kidney  yielded 
bacillus  coli  and  putrefactive  species. 

Through  a  misunderstanding  all  the  viscera,  except  the  kidneys,  were 
thrown  away.  The  kidneys  were  hardened  in  5  per  cent,  formalin  and  ex- 
amined microscopically. 

Microscopical  Examination  of  Kidneys,  Afler  the  malarial  infection  was  sub- 
pected  on  account  of  the  peculiar  pigmentation  of  the  glomeruli  and  straight 
vessels,  thin  sections  cut  in  celloidin  and  parafSn  were  stained  most  success- 
fully by  Nocht's  method  as  employed  for  blood-smears.  This  was  the  onlj 
method  by  which  I  could  secure  a  blue  color  in  the  bodies  of  parasites  lying 
in  red  cells  stained  deeply  by  eosin.  For  this  purpose  sections  remained  in  the 
dye  for  twenty-four  hours,  and  were  then  slightly  decolorized  in  alcohol  and 
cleared  in  oil  of  cajuput.  The  chromatin,  however,  was  not  usually  stained. 
The  changes  demonstrated  by  this  and  other  methods  were  of  a  most  remark- 
able type. 

The  lining  cells  of  the  convoluted  tubules  were  almost  entirely  destroyed, 
not  by  erosion,  but  by  extreme  swelling  and  degeneration,  apparently  of 
hydropic  type.     (Fig.  1.) 

These  tubules  were  thereby  distended  and  uniformly  filled  by  an  indis- 
criminate mass  of  vacuolated  cell  detritus  in  which  pyknotic  nuclei  were 
irregularly  scattered.  All  the  cortical  tubules  were  about  uniformly  affected. 
The  glomeruli  contained  a  moderate  number  of  pigmented  cells  and  a  few 
parasites  within  the  capillaries,  while  the  capsules  were  distended  by  granu- 
lar coagulum.  The  small  cortical  vessels  were  almost  invariably  collapsed, 
and  to  this  perfectly  bloodless  condition  must  be  ascribed  the  whitish  color 
visible  in  the  gross.  Occasionally  a  capillary  was  found  distended  with  a 
mass  of  pigmented  parasites. 

In  the  medulla  the  lining  cells  of  all  tubules  were  markedly  eroded.  In 
this  region  most  of  the  capillaries  were  filled,  and  many  were  distended  with 
masses  of  infected  red  cells  and  pigmented  parasites  which  had  nearly  de- 
stroyed the  red  cells.  (Fig.  2.)  Many  of  the  distended  capillaries  were  rap- 
tured, and  the  tissue  was  studded  with  miliary  hemorrhages,  about  some  of 
which  a  few  leukocytes,  mostly  mononuclear,  were  gathered.  The  parasites 
were  of  small  and  very  uniform  size,  but  richly  pigmented.  They  were  iden- 
tical in  appearance  with  the  full-grown  forms  of  the  estivo-autumnal  para- 
sites seen  in  sections  of  tissues  of  other  cases  in  which  these  parasites  were 
identified  in  the  blood  during  life.  Very  few  rings  or  rosettes  could  be  dis- 
covered, so  that  the  brood  was  unusually  compact.  (Fig.  3.)  Their  numbers 
and  compact  massing  were  similar  to  what  I  have  seen  in  other  fatal  cases  in 
which  the  parasites  were  massed  in  the  brain,  heart  muscle,  or  bone-marrow. 
The  discharging  tubules  were  distended  with  casts,  usually  coarsely  granular, 
sometimes  entangling  infected  red  cells  and  pigmented  leukocytes.  Some 
infected  red  cells  lay  free  in  the  lowest  discharging  tubules. 
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The  infarcted  area  in  the  right  kidney  was  in  an  early  stage  of  coagulation 
necrosis.  All  the  capillaries  about  this  area  and  many  within  it  were  dis- 
tended with  blood  cells,  most  of  which  contained  parasites  and  pigment. 
Many  of  the  vessels  leading  to  this  area  were  distended  to  two  or  three  times 
their  natural  caliber  by  thrombi  of  infected  red  cells.  The  infarction  is  clearly 
referable  to  the  plugging  of  small  vessels,  mostly  capillaries,  by  thrombi  of 
infected  red  cells.  The  number  of  parasites  in  this  cortical  zone  and  through- 
out this  section  of  the  medulla  was  greater  than  I  have  ever  seen  in  any  other 
tissue. 

The  following  summary  presents  the  lesions  observed  in  the  kidneys :  Ex- 
treme and  peculiar  degeneration  of  lining  cells  of  all  cortical  tubules.  Disten- 
tion of  capsules  of  glomeruli  by  granular  albuminous  coagulum.  Occlusion 
of  most  cortical  capillaries  by  the  distended  tubules.  Large  superficial  red 
and  white  infarction,  from  occlusion  of  vessels  by  thrombi  of  infected  red 
cells.  Numerous  miliary  hemorrhages  from  rupture  of  distended  capillaries. 
Distention  of  nearly  all  capillaries  in  the  medulla  and  papillse  by  infected 
red  cells  and  parasites.  Casts  in  discharging  tubules,  consisting  usually  of 
coarsely  granular  material,  but  sometimes  entangling  infected  red  cells  and 
pigmented  leukocytes. 

Epicritical.  The  following  questions  arise  concerning  the  signifi- 
cance of  the  above  findings : 

1.  Is  it  possible  to  draw  any  conclusions  regarding  the  significance 
of  the  renal  lesions  on  account  of  the  failure  to  examine  the  other 
viscera  microscopically  ? 

2.  Is  the  present  case  a  true  example  of  massing  of  estivo-autumnal 
parasites  in  the  kidney  comparable  to  the  cases  in  which  they  have 
been  found  massed  in  the  brain  in  comatose  cases,  in  the  gastro- 
intestinal tract  in  choleraic  cases,  in  the  heart  muscle  in  cardiac  cases, 
or  in  the  marrow,  as  observed  in  a  case  of  pernicious  anemia  ? 

3.  What  is  the  origin  of  the  extreme  degeneration  of  the  cortical 
tubules  ? 

1.  To  the  first  question  there  can  be  no  hesitation  in  answering 
that  the  renal  lesions  are  in  themselves  sufficiently  distinct  to  stand 
as  the  chief  feature  of  the  case.  Doubtless  there  were  many  parasites 
in  the  other  viscera,  but  where  pigmented  parasites  are  extensively 
massed  in  any  tissue  gross  evidence  of  their  presence  may  be  detected 
in  the  excessive  pigmentation  and  extreme  blood  content  of  that  tissue. 
No  such  evidence  being  present  in  the  gross  appearance  of  any 
other  viscus,  it  is  safe  to  conclude  not  only  that  the  kidney  contained 
an  excessive  proportion  of  parasites,  but  that  they  were  not  excessively 
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numerous  in  any  other  locality.    The  clinical  features  of  the  case  also 
support  this  belief. 

2.  It  is  equally  clear  that  the  case  is  one  of  true  malarial  nephritis 
in  which  a  peculiar  hemorrhagic  character  of  the  lesion  is  referable  to 
the  mechanical  effects  of  massing  of  parasites  in  the  renal  tissue.  This 
lesion  is  not  to  be  classed  with  the  usual  type  of  renal  lesion  in  ma- 
laria, which  is  an  acute  degeneration  referable  to  the  general  toxemia 
of  the  disease,  and  in  which  comparatively  few  parasites  have  here- 
tofore been  found  in  the  kidney.  Enormous  numbers  of  parasites 
in  the  capillaries,  thrombosis  of  many  vessels,  and  multiple  hemor- 
rhages are  the  specific  lesions  observed  when  the  parasites  hare 
been  massed  in  the  brain,  gastrointestinal  tract^  heart  muscle,  and 
marrow. 

3.  The  extreme  degeneration  of  the  cortical  tubules  seems  also  to 
be  a  somewhat  peculiar  feature  of  the  present  case.  In  the  reported 
cases  of  malarial  nephritis  of  purely  toxic  origin  the  degeneration  of 
tubule-cells  has  often  been  extreme,  but  it  has  always  been  of  a  dif- 
ferent type  from  that  described  above.  In  fourteen  cases  which  I 
have  examined  the  degenerative  changes  have  always  been  much  less 
advanced  and  of  a  different  type  from  those  of  the  present  case. 
Although  much  of  the  change  in  the  tubule-cells  was  doubtless  owing 
to  the  general  toxemia  of  the  disease,  I  am  inclined  to  refer  the  pecu- 
liar character  of  the  process  and  its  extreme  degree  to  the  presence  of 
so  many  parasites  in  the  tissues  acting  principally  through  obstruction 
of  the  circulation. 

Finally,  it  is  important  to  consider  the  possibilities  of  diagnosis 
during  life  of  this  type  of  malarial  nephritis.  From  the  clinical  ex- 
amination of  the  urine  and  the  microscopical  appearance  of  the  dis- 
charging tubules  in  the  kidney,  it  seems  probable  that  a  diagnosis  of 
this  type  of  malarial  nephritis  may  be  established  during  life  on  the 
following  evidence,  to  be  obtained  from  the  urine  :  Partial  or  complete 
suppression  of  urine;  considerable  admixture  of  intact  red  cells;  a 
considerable  proportion  of  albumin ;  the  presence  of  many  coarsely 
granular,  epithelial,  and  some  blood  casts ;  the  presence  of  infected 
red  cells,  both  free  and  adherent  to  casts,  and  of  pigmented  leuko- 
cytes adherent  to  casts. 

The  present  case,  while  demonstrating  the  existence  of  a  specific 
type  of  malarial  nephritis,  yields  no  new  indication  why  the  estivo- 
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autumnal  parasite  selects  certain  viscera  for  its  chief  attack,  and 
demonstrates  no  new  character  in  the  pathogenic  action  of  this  pro- 
tozoon. 

There  is  no  known  reason  why  the  bronchopulmonary  mucosa,  or 
that  of  the  colon,  or  the  serous  membranes,  or  the  skeletal  muscles, 
should  not  suffer  in  the  same  way  as  do  the  brain,  the  gastrointestinal 
mucosa^  the  heart  muscle,  and  the  marrow.  The  kidney  may  be 
specially  exempt  on  account  of  its  rapid  circulation,  as  suggested  by 
Guarnieri,  but  apparently  it  does  not  always  escape.  The  actively 
phagocytic  viscera,  the  liver  and  spleen,  seem  capable  of  rapidly  de- 
stroying the  enormous  influx  of  parasites  which  frequently  reach 
their  capillary  systems.  Yet  the  marrow,  with  its  more  complex 
circulation,  is  known  to  be  less  resistant  than  the  spleen  and  lymph 
nodes. 

These  two  factors,  however,  rapid  arterial  circulation  and  active 
phagocytic  powers,  seem  to  be  the  only  qualities  which  can  preserve 
a  tissue  from  occasional  overwhelming  growth  of  the  estivo-autumnal 
parasite. 

Microscopical  examination  of  the  kidneys  of  fatal  cases  of  malaria 
has,  then^  yielded  evidence  of  three  main  types  of  acute  renal  lesions 
occurring  in  this  disease. 

1.  Acute  degeneration  of  toxic  origin,  often  reaching  a  degree  in 
which  exudation  of  blood-serum  into  the  tubules  is  added.  This 
lesion  is  responsible  for  the  vast  majority  of  the  cases  of  albuminuria 
in  malaria. 

2.  An  extreme  form  of  acute  degeneration,  with  focal  necroses, 
numerous  hemorrhages,  and  exudation  into  the  tubules  of  blood-serum 
and  blood-pigments.  This  lesion  is  seen  in  cases  of  hemoglobinuric 
malarial  fever,  and  it  has  not  yet  been  found  associated  with  an  ex- 
cessive number  of  parasites  in  the  capillary  vessels. 

3.  Massing  of  parasites  in  the  renal  capillaries,  with  extreme  de- 
generation of  parenchyma  cells,  multiple  hemorrhages,  and  exudation 
of  blood-serum  into  the  tubules.  It  seems  certain  that  this  type  of 
lesion  can  occur  only  in  severe  estivo-autumnal  infections. 

There  is  anatomical  evidence  that  in  the  pernicious  estivo-autumnal 
cases  the  three  types  of  lesions  may  be  variously  combined,  but  no 
good  reason  for  believing  that  with  the  benign  tertian  infection  occur- 
ring in  this  latitude  any  other  than  the  first  type  can  exist. 
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ON  THE  CLINICAL  ASPECTS  OF  PLAGUE. 


By  LEWELLYS  F.  BARKER.  M.B., 

OF  CHICAGO. 


As  the  time  allotted  to  this  discussion  is  necessarily  limited  to  a 
few  minutes,  I  shall  confine  my  remarks  chiefly  to  the  characteriza- 
tion of  the  clinical  types  of  plague  and  to  the  diagnosis  of  the  disease 
rather  than  enter  upon  an  analysis  of  the  individual  symptoms.  The 
statements  are  based  upon  a  clinical  study  of  plague  made  in  San 
Francisco^  in  February,  1901,  and  previously  in  1899,^  in  Hong  Kong 
and  in  India  (Bombay,  Poona).  The  descriptions  are  based  upon 
the  conception  that  plague  is  a  disease  due  to  infection  with  a  bacillus 
(B.  pestis),  which  is  capable  of  causing  acute  general  septicemia 
without  visible  local  reaction  in  highly  susceptible  animals,  or  a  local 
process  (usually  manifested  in  the  nearest  lymph  glands  rather  than 
at  the  site  of  inoculation)  in  resistant  animals,  or  processes  interme- 
diate in  severity  in  animals  intermediate  in  resistance. 

The  first  case  of  plague  was  discovered  in  San  Francisco  on  March 
6,  1900,  by  Drs.  F.  P.  Wilson  and  W.  H.  Kellogg,  the  diagnosis 
being  confirmed  by  animal  experiment  by  Dr.  J.  J.  Kinyoun,  of  the 
United  States  Marine  Hospital  Service.  There  are  indications  that 
the  disease  has  existed  even  longer,  but  the  proof  for  this  can  scarcely 
be  brought.  In  all  probability  it  came  to  San  Francisco  from  Hong 
Kong  or  Canton,  and  is  accordingly  to  be  looked  upon  as  an  offshoot 
of  the  Chinese  epidemic. 

The  disease  in  San  Francisco  has  at  no  time  prevailed  in  the  form 

1  As  a  member  of  a  Commission  appointed  by  tbe  Secretary  of  the  Treasury  under  the  orders 
of  the  Surgeon-Oenenil  of  the  Marine  Hospital  Service. 
*  As  a  member  of  a  Commission  sent  by  the  Johns  Hopkins  Unlyerslty  to  study  tropical  dis- 
in  the  Philippine  Islands. 
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of  an  outspoken  epidemic^  the  mortality  tables  not  being  conspicuously 
altered  by  its  presence : 


Mortality  from  all  Causes  among  Chinese  of  San  Fraxcisco, 

1897-1901. 


Months. 

1897 

189«< 

1899 

1900 

1901 

Januaiy. 

87 

35 

46 

64 

45 

February, 

46 

86 

89 

48 

March, 

38 

46 

37 

47 

April, 

35 

41 

33 

80 

May. 

27 

84 

86 

42 

June, 

80 

21 

46 

25 

July, 

89 

25 

84 

38 

Months. 


ii 


I    Aagnst, 
I     September, 

October, 

,  I    November, 

I    December, 

I        Total, 


1897      1896 

1899 

1900 

1901 

85         47 

43 

19 

45         27 

35 

27 

86         58 

44 

82 

89         66 

37 

S4 

28         46 

48 

32 
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On  the  contrary,  the  progress  of  the  disease  in  California  has  been 
that  which  has  characterized  plague  before  the  outbreak  of  a  great 
epidemic  in  nearly  every  place  where  the  disease  has  prevailed.  It 
is  the  same  kind  of  ^^  sneaking  *'  progress  as  was  seen  in  Hong  Kong, 
Calcutta,  and  Bombay  for  months  before  large  numbers  of  people 
were  attacked.  That  such  ''sneaking"  epidemics  may  die  out 
without  culminating  in  a  large  outbreak  was  demonstrated  by  the 
experience  in  Ahmedabad  from  October,  1896,  to  August,  1897, 
where,  though  one  hundred  and  thirty-six  cases  of  plague  were 
imported,  the  disease  developed  in  only  twenty-seven  of  the  inhabi- 
tants. 

In  connection  with  the  fact  that  no  great  outbreak  has  occurred  in 
San  Francisco,  it  is  significant  that  as  far  as  ascertained  there  has 
been  no  general  infection  of  the  rats  of  that  city.  A  small  number 
of  rats  found  dead,  as  well  as  several  living  rats  caught  in  the 
sewers  of  Chinatown,  showed  no  evidence  of  infection  with  bacillus 
pestis. 

Up  to  the  time  of  our  visit  to  San  Francisco  twenty-five  deaths  due 
to  plague  had  been  discovered  during  a  period  of  about  eleven  months 
(March,  1900,  to  January,  1901).  These  cases  have  been  reported 
by  Dr.  Kellogg,*  and  it  is  from  his  reports  that  I  have  drawn  the  data 

»  Kellogg,  W.  H.  The  Plague :  Report  of  Cases,  Occld.  Med.  Times,  S.  F.,  1900,  vol.  xIt.  pp. 
197-207.  Kellogg  and  Kinyoun.  J.  J.  The  Pla^e :  Thirteenth  Case,  ibid.,  1900,  voL  xiT.  pp. 
245-257.  Kellogg.  W.  H.  Plague  Cases  Fourteen  and  Fifteen,  Ibid.,  1900.  Tol.  xlv.  pp.  284-85. 
The  Plague  in  San  Francisco,  Cases  Sixteen,  Seventeen,  and  Eighteen,  Ibid.,  1900,  toL  xit.  po. 
345-47.  Plague  In  San  Francisco,  ibid.,  1901,  vol.  xv.  pp.  11-15.  Plague  Caaes  Twenty-UJiee, 
Twenty.four.  and  Twenty-five,  ibid.,  1901,  vol.  xv.  pp.  45-46. 
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referable  to  the  cases  which  occurred  before  February,  1901.  During 
the  eight  days — February  6  to  February  13,  1901 — the  special  Com- 
mission from  the  Treasury  Department  found  six  cases  of  plague. 
Altogether,  then,  from  March  6,  1900,  to  February  13, 1901,  thirty- 
one  cases  of  plague  had  been  recognized.  Most  of  them  were  found 
dead,  and  the  diagnosis  was  based  upon  the  pathologic  appearance 
and  the  bacteriologic  examinations.  Several  cases  were,  however, 
studied  during  life.  Of  the  six  cases  observed  by  the  commission, 
three  were  seen  during  life,  and  two  of  these  three  recognized  clini- 
cally as  cases  of  bubonic  plague. 


No. 


1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Name. 


Wing  Chut  King, 
€hu  Gran, 
Ng  Ach  Gin, 
Lee  Sun  King, 
Law  An, 
Lim  Fa  Muey, 
Chu  Sam, 
Chin  Moon, 
Her  Woon  Jock, 
Dang  Hong, 
Chen  Kney  Kim, 
Jay  Man  Tong, 
Lee  Wing  Tong. 
William  Murphy, 
Ham  Tan, 
Lee  Do  Hen, 
Chun  Yen, 
Talk  Dong  Leong, 
Young  Moon  Li  Chee, 
Young  Wah  Noui, 
Anne  Roede, 
Lee  Ho. 

Chun  Wey  Lung, 
Learn  Wing  Low, 
Angela  Colombo, 
Chun  Ah  Chou,  a 
Lum  Hong  Yuen,  a 
Wong  Chi  Lul,  a 
Tom  Shorn,  a 
Ung  Ah  Buck,  a 
Foong  Ah  Fong,  a 


Age. 


41 
22 
87 
47 
88 
16 
38 
16 
58 
40 
49 
60 
40 
84 
29 
50 
87 
89 
80 
9 
28 
80 
60 
59 

44 
87 
50 
51 
45 
12 


Sex. 

Color. 

M. 

Mongolian, 

(< 

If 

!• 

i« 

« 

II 

(1 

II 

F. 

11 

M. 

II 

F. 

II 

M. 

II 

<• 

11 

II 

II 

(1 

II 

H 

II 

(I 

White, 

II 

Mongolian, 

11 

tl 

tl 

II 

fl 

II 

F. 

II 

II 

11 

i( 

White, 

M. 

Mongolian, 

•1 

II 

11 

II 

11 

White, 

II 

Mongolian, 

II 

II 

•• 

II 

II 

II 

i< 

It 

F. 

1* 

Place  of  death. 


Date  of  death. 


1001  Dupont, 
723  Sacramento, 
905  Dupont, 
Oneida  Place, 
St.  Louis  Alley, 

739  Clav, 
717  Jackaon, 
730)^  Commercial, 

740  Pacific, 
706     •• 
819  Clay, 
759     •* 
767      " 

427  Dupont, 
900     •* 

710H  *• 
767  Clay, 
705     " 
802  Dupont, 
802     '• 

Pacific  Hospital, 
844  Washington, 
780  Jackson, 
6333^  Clay, 
6  Lalayette  Place, 
814  Washington, 
28  Ross  Alley. 
15V^Vaverley, 
814  Washington, 
St.  Louis  Alley, 
747  Sacramento, 


Mar. 

6, 

.1 

15. 

II 

17. 

II 

18, 

Apr. 

24. 

May  11, 

II 

11, 

II 

is! 

<i 

14, 

II 

29. 

June 

i  2, 

II 

9, 

July 

6. 

Aug.  11, 

It 

15, 

Oct. 

5, 

It 

10. 

II 

14, 

II 

31, 

Nov. 

1. 

tl 

3. 

Dec. 

7, 

Jan. 

6. 

II 

15, 

It 

15. 

Feb. 

5, 

II 

6, 

.1 

7, 

II 

10, 

II 

11, 

II 

12. 

1900 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

li 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

1901 
It 

II 

II 

II 

II 

II 

II 

II 


a.  Observed  by  Commission. 


Note. — Particular  places  of  death  of  following  numbers  were  as 
indicated  below :  No.  8,  Pacific  Hospital,  Stockton  and  Chestnut 
Streets;  No.  13.  City  and  County  Hospital;  No.  14,  City  and 
County  Hospital;  No.  21,  Children's  Hospital,  3700  California 
Street ;  No.  25,  City  and  County  Hospital. 


The  accompanying  map  (page  462)  shows  the  distribution  of  the 
plague  cases  in  San  Francisco : 
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Map  of  "  Chinatown,"  San  Francisso. 

Circles  indicate  cases  seen  and  regarded  as  plague  by  City  Board  of  Health  before  ariiTal  of 

Commission. 
Crosses  indicate  cases  of  plague  observed  by  the  Commiodonera  fVom  February  5th  to  Febrnvr 

12, 1901. 
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Of  the  thirty-one  cases,  twenty-eight  were  Mongolians  and  only 
three  Caucasians.  As  to  age,  the  following  table  gives  the  deaths 
according  to  decades : 

Age.  Deaths. 

1  to  10  years 1 

11   *•  20  "  3 

21   "  30  "  5 

81    "  40  "  9 

41    *'  50  "  7 

51    *•  60  "  6 

61    "  70  "  0 

As  is  well  known^  plague  usually  kills  more  people  between  twenty 
and  thirty  than  in  any  other  decade.  It  is  to  be  remembered,  how- 
ever, that  in  San  Francisco  the  Mongolian  population  may  scarcely 
be  regarded  as  a  normal  one.  The  number  of  females  is  small,  there 
are  relatively  few  births  in  Chinatown,  and  relatively  few  young 
people.  The  predominance  of  male  and  middle-aged  individuals  is 
easily  explicable  when  the  legal  status  of  the  Chinese  in  America  is 
considered. 

Of  the  thirty-one  cases,  six  were  in  females  and  twenty-five  in 
males.  Experience  in  other  epidemics  indicates  that  there  is  but 
little  difference  in  the  number  of  males  and  females  attacked.  The 
disproportion  in  the  San  Francisco  epidemic  is  doubtless  dependent 
npon  the  small  number  of  female  Chinese  living  in  Chinatown. 

The  type  of  the  disease  which  has  been  prevailing  is  the  bubonic. 
In  twenty-three  of  the  thirty-one  cases  a  definite  bubo  (probably 
primary)  was  made  out  in  twenty-three  instances.  Only  one  primary 
septicemic  case  was  established,  and  only  one  pneumonic  case  was 
observed.  In  seven  of  the  cases  the  descriptions  do  not  permit  of 
definite  classification  as  regards  the  clinical  type,  though  the  diag- 
nosis of  the  disease  itself  was  in  each  case  fully  established. 

The  daily  inspections  of  the  sick  and  dead  permitted  of  observations 
relative  to  the  mode  of  life  of  the  people  in  the  fourteen  blocks  of 
San  Francisco  which  make  up  *^  Chinatown."  These  observations 
were  extended  by  special  trips  of  inspection  under  the  guidance  of 
officers  of  the  city  detective  force  and  by  numerous  independent  trips 
of  inspection. 

The  dwellings  of  the  poorer  classes  of  Chinese  were  found  to  be 
here,  as  they  seem   to  be  everywhere,  shockingly  unsanitary.      In 
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places  there  is  marked  overcrowding ;  the  rooms  are  small ;  thej  are 
often  entirely  devoid  of  light  or  means  of  ventilation,  and  nearly 
always  insufficiently  lighted  and  ventilated;  many  of  them  are  filthy; 
some  of  them,  especially  those  situated  in  basements,  are  damp,  and 
emit  a  foul  stench.  These  faults  in  sanitation  are  not  confined  to  the 
tenement-houses  of  the  Chinese ;  on  the  contrary,  in  the  rear  of  or 
over  or  under  some  of  the  more  pretentious  business  dwellings  are 
to  be  found  sleeping  and  living  apartments  which  are  most  objection- 
able from  a  sanitary  point  of  view. 

The  Chinese  in  San  Francisco  are,  however,  in  many  respects 
much  better  off  than  are  their  countrymen  in  great  native  centers  like 
Canton,  or  even  than  those  in  a  city  like  Hong  Kong.  There  is 
almost  an  entire  absence  of  the  utter  destitution  met  with  among 
many  of  the  Chinese  in  Asia.  The  Chinese  in  San  Francisco  are, 
on  the  whole,  very  well  fed,  for  wages  are  high  and  food  is  abundant 
and  cheap.  They  are  also  well  clothed,  as  a  rule,  and  particular 
emphasis  is  to  be  laid  upon  the  fact  that  the  Chinese  here  wear  shoes, 
stockings,  and  trousers,  since  it  is  believed  by  many  that  the  bare 
legs  and  feet  of  the  Chinese  in  Hong  Kong  and  Canton  had  much 
to  do  with  the  frequency  of  infection  with  plague  in  those  places. 

A  large  percentage  of  the  Chinese  in  San  Francisco,  it  is  said, 
smoke  opium.  There  are  a  number  of  Chinese  prostitutes,  but  inspec- 
tion of  the  quarters  occupied  by  the  latter  would  indicate  that  the 
rooms  in  which  they  live  are,  on  the  whole,  more  wholesome  as  regards 
air-space,  light,  ventilation,  and  cleanliness  than  those  of  the  other 
inhabitants  of  the  district. 

The  Bubonic  Cases  or  Glandular  Plague. 

The  ordinary  clinical  features  of  this  form  are  now  so  familiar 
that  they  need  scarcely  be  entered  into  in  detail.  The  symptom- 
complex  is  characteristic,  and  there  ought  to  be  but  little  difficulty,  as 
a  rule,  in  making  a  diagnosis.  The  sudden  onset  of  fever,  preceded, 
usually,  by  but  few  prodromata,  associated  very  quickly  with  painful 
glandular  enlargements,  severe  headache,  nausea,  and  vomiting  are 
the  conditions  commonly  met  with.  The  fever  varies  between  103° 
and  105°  F.,  but  may  rise  as  high  as  108°  or  even  higher.  There  is 
a  moderate  leukocytosis  associated  with  some  anemia,  and  with  a 
moderate  diminution  in  the  amount  of  hemoglobin. 
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The  buboes  usually  appear  rapidly  after  the  first  onset  of  symptoms. 
Indeed,  if  a  physician  is  called  he  nearly  always  finds  a  bubo  already 
developed.  The  size  varies  according  to  the  stage  of  development  of 
the  bubo  and  the  character  of  the  infection.  Usually  one  gland  of  a 
group  swells  first,  after  which  there  is  rapid  extension  to  other  glands 
of  the  packet.  The  larger  buboes  are  due  to  swelling  of  several  glands 
and  edema  of  the  adjacent  tissues.  In  the  fully  developed  buboes  it 
is  usually  impossible  to  make  out  the  individual  glands  of  which  the 
whole  swelling  is  made  up.  The  buboes  are  exquisitely  painful,  as  a 
rule^  though  some  lethargic  patients  complain  but  little.  They  are 
specially  sensitive  on  pressure.  Among  the  Chinese  it  was  common 
to  find  a  black  plaster  applied  to  the  region  of  the  swollen  glands,  to 
alleviate  what  the  patient  regarded  as  '^  rheumatic '^  pain.  A  good 
deal  of  stress  is  to  be  laid  upon  the  elastic  resistance  of  the  swelling, 
which  is  due  to  the  edema.  The  skin  may  be  tense  over  the  swell- 
ing ;  it  looks  thin  and  glossy.  It  is  often  reddened  over  the  bubo, 
and  occasionally  vesicles  or  pustules  appear  on  the  surface.  In  very 
large  buboes,  especially  in  the  cervical  region,  the  jelly-like  trembling 
which  has  been  described  can  easily  be  mnde  out.  If  the  edema 
becomes  very  extensive  the  bubo  may  be  obscured.  Most  patients 
assume  the  attitude  best  calculated  to  relieve  the  tension  in  the  region 
of  the  bubo ;  thus,  where  the  bubo  is  inguinal  the  leg  is  flexed  at  the 
knee  and  the  thigh  moderately  flexed  and  rotated  outward. 

As  Miiller  and  Poch  have  pointed  out,  the  clinical  classification  of 
buboes  differs  of  necessity  somewhat  from  the  classification  based  upon 
the  pathology  of  the  disease.^  The  pathologists  distinguish  primary 
buboes  of  the  first  order,  primary  buboes  of  the  second  order,  and 
secondary  buboes,  the  first  group  including  the  buboes  appearing  in. 
the  glands  nearest  the  site  of  inoculation,  the  second  group  including 
the  buboes  formed  by  extension  of  the  bacilli  directly  through  the 
lymphatics  from  the  primary  bubo  to  a  seccmd  adjacent  group  of 
lymph  glands,  and  the  third  group  including  buboes  arising  through 
the  deposition  of  bacilli  from  the  circulating  blood  in  the  lymph 
glands  in  any  part  of  the  body.  Clinically,  it  may  be  very  diflicult 
or  impossible  to  distinguish  primary  buboes  of  the  second  order  from 
secondary  buboes.     We  are  reduced  to  distinguishing  the  "  clinically 


1  See  Dr.  Flexner's  report. 
Am  Phys  30 
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primary"  bubo  from  the  "symptomatic"  bubo.  The  clinically  pri- 
mary bubo  is  nearly  always  a  primary  bubo  of  the  first  order.  The 
symptomatic  buboes  may  be  primary  buboes  of  the  second  order  or 
true  secondary  buboes. 

In  a  suspected  case  of  plague  it  is  necessary  to  search  widely  for  a 
primary  bubo.  If  it  is  not  easily  found,  one  should  examine  every 
part  of  the  body  in  which  lymph  glands  are  situated  before  concludiDg 
that  no  primary  bubo  is  present.  It  is  probable  that  there  are  some 
primary  buboes  too  small  to  be  recognized  clinically,  though  it  is  more 
likely  that  in  many  instances  the  smaller  buboes  which  could  have 
been  detected  by  careful  search  have  been  overlooked.  In  the  bubonic 
form  death  occurs  usually  in  from  four  to  six  days.  In  San  Francisco 
we  got  histories  of  a  much  longer  duration  in  several  cases^  Where 
the  disease  is  prolonged  suppuration  may  occur.  A  striking  feature 
of  the  disease  is  the  absence  of  lymphangitis  between  the  site  of  inocu- 
lation and  the  lymph  gland  attacked.  It  is  rare  that  one  can  make 
out  the  point  of  entrance  of  the  virus,  though  occasionally  a  vesicle  or 
a  pustule  exists,  the  so-called  primary  skin  lesion  in  the  bubonic  form 
of  the  disease. 

The  inguinal  type  of  glandular  plague  was  much  more  common  in 
San  Francisco  than  the  axillary  and  cervical  types,  and  this  is  in 
accord  with  general  experience.  As  an  example  of  typical  inguinal 
bubonic  plague,  the  following  instance  may  be  cited  : 

Tom  Shorn,  male,  aged  fifty-one  years,  actor  in  Chinese  theatre;  room 
above  theatre  at  814  Washington  Street,  near  the  room  of  late  Chun  Ah  Chou 
(see  death  26).  This  man  was  reported  as  ill'to  the  Six  Companies,  and  was 
examined  clinically  on  Friday,  February  8th,  by  the  writer,  who  obtained 
the  following  history:  The  man  had  been  acting  in  the  theatre  about  two 
weeks  before,  although  it  had  been  stated  that  he  had  not  been  very  well  for 
from  six  to  seven  months  previously.  On  February  4th  he  became  seriously 
ill  with  fever  and  delirium.  There  had  been  some  vomiting.  The  urioe,  as 
observed  by  the  attendant,  was  described  as  brandy  colored.  He  had  a 
Chinese  doctor  in  attendance,  and  his  friends  had  not  considered  him  ill 
enough  to  make  a  report  to  the  Six  Companies  worth  while.  The  man 
smoked  about  fifty  cents'  worth  of  opium  daily.  On  clinical  examination  the 
patient  was  found  lying  upon  his  back  in  bed,  with  legs  drawn  up;  be  was 
in  a  state  of  semistupor.  His  pulse  was  108,  quick,  rather  full,  but  of  low 
tension.  The  skin  was  hot  and  dry;  respiration  20  to  the  minute.  The  face 
had  an  anxious  expression  ;  the  tongue  was  coated  in  the  middle.  There 
was  no  palpable  enlargement  of  the  glands  of  the  neck  or  axillse,  but  in  the 
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right  groin  several  slightly  enlarged  glands  could  be  distinctly  felt,  and  the 
patient,  though  his  mind  was  partially  clouded,  winced  decidedly  when  either 
groin  was  palpated.  It  was  evident  that  the  glands  were  quite  tender.  In 
the  absence  of  urethral  discharge,  chancre,  or  evidence  of  local  irritation  in 
the  lower  extremities,  the  case  was,  on  account  of  the  local  and  general  phe- 
nomena, regarded  as  one  of  plague.  The  skin  was  cleansed  and  a  sterilized 
hypodermic  needle  introduced  into  the  groin.  A  few  drops  of  bloody  fluid 
were  withdrawn,  presumably  from  one  of  the  enlarged  glands.  It  was  diffi- 
cult to  be  sure  of  this,  however,  as  the  patient  could  not  be  kept  quiet  while 
the  needle  was  being  inserted.  No  colonies  of  plague  bacilli  developed  in 
the  inoculated  tube.  The  necropsy,  subsequently  made,  indicated  that  the 
needle  had  failed  to  enter  an  enlarged  gland. 

The  patient  was  seen  on  the  following  day,  when  his  condition  showed  no 
change  for  the  better.  The  pulse  was  136  and  feebler,  the  patient  seemed  in 
general  weaker,  and  an  unfavorable  prognosis  was  made.  The  patient's 
friends  were  told  that  an  injection  of  Yersin's  serum  offered  the  best  chances 
for  recovery,  though  they  were  also  told  that  not  much  could  be  hoped  from 
any  treatment  in  the  stage  of  the  disease  in  which  the  patient  then  was.  The 
offer  was  refused.    The  man  died  on  February  10th,  the  next  day. 

The  dead  body  was  inspected  on  the  morning  of  February  11th.  The  body 
was  in  a  state  of  firm  rigor  mortis,  the  limbs  being  strongly  flexed.  On 
breaking  down  the  rigor  mortis  and  palpating  the  glands  in  the  groin,  it  was 
difficult  to  say  positively  that  there  was  any  enlargement  of  the  lymphatic 
glands.  In  view  of  the  enlargement  distinctly  made  out  during  life  and  the 
clinical  picture  which  had  been  observed,  the  death  was  believed  to  be  one 
due  to  plague,  and  a  pathologic  and  bacteriologic  examination  undertaken. 

At  autopsy  there  was  a  slight  swelling  in  the  right  ingui no-femoral  region 
which,  on  incision,  revealed  slightly  edematous  subcutaneous  tissue,  with 
slight  enlargement  of  the  glands.  The  largest  gland  was  the  size  of  a  filbert, 
and  its  surface  was  dark  and  hemorrhagic ;  on  section,  it  presented  distinct 
hemorrhages ;  other  glands  were  swollen,  soft,  juicy,  and  hemorrhagic.  The 
spleen  was  enlarged,  soft,  and  friable.  The  examination  of  the  groin  showed 
that  the  hypodermic  puncture  made  for  the  withdrawal  of  fluid  for  diagnostic 
purposes  during  life  had  failed  to  enter  a  lymph  gland. 

Cover-slips  from  the  spleen  and  glands  showed  large  numbers  of  bacilli 
having  the  characteristic  properties  of  the  B.  pestis. 

Sometimes  these  inguinal  cases  are  associated  with  a  marked  hem- 
orrhagic diathesis.  This  existed  in  the  case  of  W.  M.,^  who  died  on 
August  11,  1900. 

M.  was  a  white  man,  aged  thirty-four  years,  who  on  August  7,  1901,  com- 
plained of  pain  and  slight  swelling  of  the  right  groin,  followed  by  nausea, 
general  soreness,  headache,  and  vomiting.    He  had  albumin  in  his  urine,  his 

>  See  Dr.  Kellogg's  report. 
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temperature  was  100*^,  pulse  100,  and  the  bubo  in  the  right  femoral  region 
became  rather  painful.  He  died  on  August  11th.  Autopsy  by  Prof.  Taylor. 
Two  enlarged  lymph  glands  were  found  in  the  right  groin.  These  were 
hemorrhagic,  but  not  purulent.  The  femoral  glands  were  also  enlarged. 
The  plague  bacillus  was  present  in  smears  made  from  the  glands,  and  animals 
inoculated  therefrom  died  with  typical  plague  lesions.  The  mesentery  was 
mottled  with  hemorrhages.  The  walls  of  the  stomach  were  markedly  injected, 
and  there  were  submucous  hemorrhages  in  this  organ.  The  spleen  was  very 
friable.  Extensive  hemorrhages  were  found  about  the  pancreas,  in  its  sub- 
stance, and  in  the  lesser  peritoneal  cavity.    There  was  no  fat  necrosis. 

Axillary  buboes  were  not  met  with  during  the  stay  of  the  commis- 
sion in  San  Francisco,  nor  do  they  appear  to  have  been  seen  by  San 
Francisco  clinicians.  In  view  of  the  experience  in  India  and  China, 
where  axillary  buboes- are  much  more  common  than  cervical  buboes, 
it  would  seem  possible  that  the  axillary  buboes,  possibly  of  small  size, 
had  been  overlooked  in  some  cases  in  San  Francisco.  Axillarv  buboes 
are,  however,  more  common  in  women  than  in  men,  and  the  small 
number  of  women  in  San  Francisco  may  have  had  something  to  do 
with  the  non-discovery  of  axillary  buboes. 

Cervical  buboes  come  next  in  frequency.  They  are  usually  very 
large  and  painful.  The  edema  is  extensive,  and  there  is  often  diflfi- 
culty  in  swallowing.  A  typical  case  was  seen  by  the  Commission  on 
February  12  th  : 

Ung  Ah  Buck,  aged  forty-five  years,  found  dead  at  Wing  Hai's  undertak- 
ing establishment,  on  Sacramento  Street.  This  man  had  been  seen  alive  and 
examined  by  the  writer  on  the  previous  day,  who  diagnosed  the  case,  intra 
riiam,  as  one  of  cervical  bubonic  plague.  When  seen  alive  he  was  in  a  room 
upstairs  in  the  rear  of  921i  Dupont  Street,  opposite  St.  Louis  alley.  The 
man  was  sitting  up,  but  looked  extremely  ill.  His  face  was  pale,  cyanotic, 
and  anxious-looking.  His  voice  was  very  feeble,  but  his  intelligence  seemed 
almost  unclouded,  and  he  was  able  to  carry  on  a  conversation,  though  with 
dilliculty,  with  the  interpreter.  The  friends  stated  that  he  had  at  times  wan- 
dered in  his  talk.  He  was  under  the  care  of  Dr.  Mather.  The  patient  sUted 
that  he  had  been  ill  for  two  weeks.  His  neck  had  been  swollen  for  one  week, 
and  he  regarded  the  condition  as  quinsy.  With  the  aid  of  a  tongue  depresstir 
the  throat  was  examined.  The  fauces  were  swollen  and  reddened,  the  swell- 
ing? being  very  marked  in  the  left  side.  The  left  palatine  tonsil  was  much 
enlarged  and  showed  on  its  surface  a  grayish-white  patch  the  size  of  a  dime. 
The  reddening  in  the  throat  was  general,  and  there  was  less  local  injecUon 
than  one  ordinarily  sees  in  diphtheria.  The  left  side  of  the  neck  was  brownish- 
fellow,  having  been  painted  over  with  a  solution  of  iodin.     On  inspection 
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and  palpation  marked  bulging  was  found.  This  seemed  to  be  due  to  enlarge- 
ment of  the  cervical  lymphatic  glands.  The  case  was  diagnosed  as  one  of 
plague,  with  cervical  bubo.  The  man  died  the  next  day,  and  a  complete 
autopsy  was  made  by  Dr.  Flexner.  The  pathologic  examination  showed 
typical  lesions  of  plague,  and  the  bacteriologic  examination  made  by  Dr. 
Novy  demonstrated  the  presence  of  B.  pestis. 

Autopsy,  February  12th  at  noon,  at  the  undertaking  shop  of  Wing  Hai  by 
Dr.  Flexner,  Drs.  Novy,  Barker,  Kellogg,  and  Wilson  being  present.  The 
left  side  of  the  face  and  neck  presented  a  marked  diffuse  swelling,  extending 
from  the  angle  of  the  jaw  backward  to  the  sternocleidomastoid  muscle  and 
below,  almost  reaching  the  clavicle. 

On  incising  this  region  the  parotid  gland  was  first  reached;  this  organ 
presented  a  normal  appearance.  After  dissecting  away  the  parotid  gland  a 
fi^ronp  of  greatly  enlarged  deep  glands  surrounding  the  carotid  artery  and 
jugular  vein  came  into  view.  The  periglandular  tissue  was  infiltrated  with 
bloody  fluid  and  presented  a  sodden  appearance.  The  enlarged  glands  and 
portions  of  the  surrounding  tissue  were  excised;  the  former  were  found 
to  be  swollen  (several  reaching  the  size  of  an  English  walnut)  and  to  be 
wholly  altered  in  appearance  and  consistence.  In  color  they  were  deep  pur- 
plish, and  on  incision  a  hemorrhagic  fluid  exuded.  Opaque  points  of  necrosis 
were  also  present. 

The  general  subcutaneous  fat  was  well  developed ;  there  was  no  general 
edema.  Peritoneum  appeared  smooth  and  glistening;  there  was  no  excess  of 
fluid  in  the  abdominal  cavity,  and  the  abdominal  glands  were  not  noticeably 
swollen.  The  spleen  was  enlarged  to  fully  twice  its  normal  size ;  it  presented 
a  purplish  color,  and  its  consistence  was  diminished.  The  pleural  cavities 
were  dry.  The  lungs  retracted  moderately  upon  removal  of  the  sternum. 
The  lower  lobes  of  the  lungs  were  congested,  but  no  consolidation  was  made 
out.    No  other  abnormality  was  observed  in  the  body. 

The  organs  and  tissues  removed  at  this  necropsy,  consisting  of  the  enlarged 
cervical  glands  and  spleen,  were  taken  to  the  laboratory,  where  cover-slips, 
cultures,  and  animal  inoculations  were  made. 

The  cover-slips  from  the  spleen  showed  large  numbers  of  a  bacillus  having 
the  morphology  and  staining  properties  of  the  B.  pestis.  The  cover-slips 
from  the  glands  differed  in  their  appearance.  In  some  instances  there  were 
present  large  numbers  of  bacilli  similar  to  those  in  the  spleen,  together  with 
a  few  diplococci  or  short  chains  of  cocci.  Other  cover-slips  showed,  beside 
the  organisms  mentioned,  a  bacillus  having  the  morphology  of  the  B.  diph- 
theriae.  Animals  inoculated  died  with  typical  plague  lesions,  and  pure  cul- 
tures of  the  B.  pestis  were  obtained  from  them. 

Oabital  and  popliteal  buboes  were  not  met  with  in  San  Francisco. 

Symptomatic  buboes  were  seen  in  several  cases.  On  autopsy  these 
proved  to  be  in  some  instances  primary  buboes  of  the  second  order,  in 
other  instances  true  secondary  buboes. 
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The  Septicemic  Cases. 

The  more  one  studies  plague  the  more  he  is  impressed  with  the 
resemblance  of  plague  infections  to  those  which  occur  in  anthrax.  It 
has  been  doubted  by  some,  among  them  no  less  acute  an  observer 
than  Miiller,  whether  primary  plague  septicemia  occurs  without  any 
primary  bubo.  It  is  easy  to  say  when  no  primary  bubo  is  found  in  a 
case  of  plague  septicemia  that  the  pathologist  has  overlooked  the  pri- 
mary bubo  at  autopsy,  but  autopsies  have  been  made  by  very  carefal 
pathologists  in  which  no  definite  primary  bubo  could  be  made  out 
And  it  would  seem  that  we  are  as  much  justified  in  assuming  the 
existence  of  a  primary  plague  septicemia  as  of  any  other  form  of 
primary  septicemia.  Terminal  plague  septicemia  in  fatal  cases  of  the 
bubonic  form,  and  probably  of  other  local  forms  of  disease,  is  far  more 
common.  Between  a  plague  septicemia,  primary  from  the  first,  and 
the  terminal  plague  septicemia  secondary  to  primarily  localized  plague 
infections,  various  transition  forms  are  met  with. 

Primary  Plague  Septicemia.  One  can  think  of  the  bacillus 
getting  into  the  blood  in  cases  of  primary  plague  septicemia  in  various 
ways.  When  a  human  being  or  an  animal  is  extremely  susceptible  it 
is  conceivable  that  the  bacillus  could  enter  through  the  skin  and  pa^ 
through  the  lymph  glands,  and  so  into  the  blood  without  setting  up  a 
primary  bubo.  In  the  same  way  it  could  enter  through  the  conjunc- 
tiva or  other  exposed  mucous  membranes.  It  is  possible  that  entrance 
could  occur  from  the  respiratory  tract  without  setting  up  local  pul- 
monary lesions  other  than  a  mild  bronchial  catarrh,  and,  finally,  direct 
infection  of  the  blood  through  the  bites  of  insects  may  be  thought  of. 

In  primary  plague  septicemia  the  clinician  has  to  deal  with  the 
phenomena  of  general  septic  infection  ;  the  fever  is  high,  the  pulse  is 
frequent  and  feeble;  there  may  be  delirium  and  coma.  A  splenic 
tumor  rapidly  develops,  and  is  often  associated  with  acute  pain  in  the 
left  side.  There  is  tenderness  over  all  the  lymph  glands  of  the  body. 
Frequently  there  are  hemorrhages  into  the  skin  or  from  the  mucous 
membranes  of  the  lungs,  stomach,  intestines,  or  urinary  passages.  In 
such  cases  the  bacilli  can  frequently  be  found  in  cover-slips  made  from 
the  blood ;  cultures  from  the  blood  are,  however,  more  reliable  for 
the  discovery  of  the  bacilli,  and  animals  inoculated  with  a  few  cubic 
centimeters  of  blood  die  with  typical  lesions  of  plague.    These  primary 
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septicemic  cases  include  many  of  the  frightfully  acute  infections  met 
with  in  large  epidemics ;  death  may  occur  in  from  one  to  three  days 
from  the  time  the  patient  is  first  attacked  or  even  after  the  lapse  of  a 
few  hours. 

In  San  Francisco  a  white  nurse  died  of  what  appears  to  have  been  this 
form  of  the  disease.  She  was  taken  suddenly  ill,  complaining  of  severe  pain 
all  over  the  body.  Her  temperature  was  40^  C,  pulse  104,  respiration  88. 
There  were  hemorrhages  from  the  urinary  passages  and  the  sputum  was  blood- 
stained. Hemorrhagic  petechise  were  found  about  the  elbows  and  ankles. 
She  died  in  the  hospital,  and  an  autopsy  was  made  by  Dr.  Harold  Bruhn. 
The  inguinal  glands  were  slightly  but  not'markedly  enlarged.  The  axillary 
and  cervical  glands  were  not  large.  There  was  some  free  blood  in  the  pelvic 
I>eritoneal  cavity.  In  the  mesentery  the  glands  were  slightly  enlarged.  No 
pulmonary  lesions  were  found.  The  spleen  was  enlarged  and  softened.  There 
were  subperitoneal  hemorrhages,  and  submucous  hemorrhages  in  the  intes- 
tine. The  pathologic  diagnosis  was  septicemia,  with  tendency  toward  minute 
hemorrhages  in  the  tissue.  Bacteriologic  examination  proved  that  the  blood 
was  full  of  bacilli  of  plague,  and  there  were  enormous  numbers  of  the  plague 
bacilli  in  the  spleen. 

Secondary  Plague  Septicemia.  It  seems  likely  that  in  nearly 
all  cases  of  bubonic  plague  at  least  a  few  bacteria  get  over  into  the 
blood.  It  is  these  which  account  for  the  true  secondary  buboes  which 
are  regarded  by  the  pathologists  as  being  embolic  in  origin.  In  many 
of  the  fatal  cases  of  bubonic  plague  the  bacteria  go  over  into  the  blood 
and  multiply  in  great  numbers,  so  that  the  blood  and  spleen  at  death 
and  shortly  before  contain  large  numbers  of  the  plague  bacilli.  In 
cases  of  the  bubonic  form  of  the  disease  which  recover  it  may  be  that 
such  a  general  bacteremia  does  not  occur,  the  process  remaining  essen- 
tially localized  to  the  primary  buboes,  or,  if  a  few  bacilli  get  over  into 
the  blood,  they  are  filtered  out  by  the  organs,  and  give  rise  to  either 
secondary  buboes  or  to  no  noticeable  phenomena. 

Plague  Pneumonia, 

Primary  plague  pneumonia  is  to  be  distinguished  from  the  second- 
ary pneumonias  which  occur  in  the  course  of  other  forms  of  infection 
with  plague.  By  primary  plague  pneumonia  is  understood  that  form 
in  which  the  bacillus  gains  entrance  to  the  body  through  the  respira- 
tory tract,  and  sets  up  a  definite  primary  pneumonia,  usually  lobular, 
but  sometimes  pseudolobar  in  form. 
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Under  the  term  secondary  plague  pneumonia  are  to  be  included : 

(a)  Pneumonia  due  to  embolic  infection  of  the  lungs  with  plague 
bacilli  in  cases  of  bubonic  plague  or  plague  septicemia. 

(6)  Ordinary  bronchopneumonias  complicating  plague  as  they  do 
other  grave  infections — e.g.^  aspiration  pneumonia  and  the  like.  The 
bronchopneumonias  of  this  group  are  most  often  due  to  infection  with  the 
streptococcus  or  the  micrococcus  lanceolatus.  Occasionally  an  aspira- 
tion pneumonia  complicating  plague  is  due  to  the  plague  bacillus  itself. 
This  is  particularly  apt  to  occur  if  there  be  ulcerated  tonsillar  bubo«. 

The  only  case  of  primary  plague  pneumonia  recorded  in  San  Fran- 
cisco occurred  before  the  visit  of  the  Commission.  It  is  Case  No.  20 
of  Dr.  Kellogg's  series,  a  Chinese  child,  aged  nine  years,  who  died 
6^lioyemher  1,  1900,  at  802  Dupont  Street. 

*In  some  epidemics  primary  plague  pneumonia  is  the  prevailing  form 
of  the  disease.  This  appears  to  have  been  the  case  in  the  Black  Death 
which  spread  over  Europe  in  the  fourteenth  century,  and  also  in  the 
Pali-pest  in  1836.  Plague  pneumonia  is  undoubtedly  frequently  over- 
looked during  the  course  of  an  epidemic. 

It  is  to  Childe,  of  Bombay,  that  we  owe  the  establishment  of  primary 
plague  pneumonia  as  a  definite  clinical  and  pathologic  entity.  The 
patient  is  taken  suddenly  ill  with  a  chill,  stitch  in  the  side,  severe 
headache,  and  high  fever.  The  clinical  phenomena  of  a  grave  pneu- 
monia develop.  The  respirations  are  increased  from  50  to  80  per 
minute,  and  signs  of  consolidation  appear.  The  pulse  is  frequent  and 
soon  becomes  very  feeble.  An  acute  splenic  tumor  can  be  made  out. 
There  may  be  sensitiveness  in  the  region  of  the  various  lymph  glands 
of  the  body.  The  typical  rusty  sputum  of  ordinary  croupous  pneu- 
monia is  but  seldom  met  with.  Instead  the  sputum  is  actually  bloody 
(hemoptysis)  and  may  be  copious  in  amount.  There  is  usually  ex- 
treme dyspnea  and  marked  cyanosis. 

Nearly  all  cases  of  plague  pneumonia  are  fatal,  death  occurring 
usually  in  from  one  to  five  days.  The  duration  of  the  disease  may, 
however,  be  even  longer.  During  the  Black  Death  it  does  not  appear 
to  have  averaged  more  than  two  days. 

Cutaneous  Plague. 

Though  its  existence  by  some  has  been  denied,  it  seems  clear  that 
primary  infection  of  the  skin  with  the  plague  bacillus  is  a  recognisable 
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form  of  the  disease.  The  analogy  with  anthrax  here  again  becomes 
evident.  The  cutaneous  lesions  take  the  form  of  vesicles,  pustules,  or 
carbuncles. 

When  the  lesions  of  the  skin  are  secondary  they  are  usually  situated 
over  buboes,  and  the  extension  to  the  skin  would  seem  to  be  directly 
by  way  of  the  lymphatics  from  the  lymph  glands.  Embolic  infections 
of  the  skin  may  be  thought  of,  but  from  what  we  know  of  the  cutane- 
ous bloodvessels  they  are  probably  rare. 

Primary  infections  of  the  skin  are  certainly  very  unusual,  their  ab- 
sence and  the  absence  of  lymphangitis  between  the  point  of  entrance 
of  the  bacilli  and  the  first  lymph  glands  to  be  infected  being  character- 
istic features  in  the  majority  of  the  cases  of  the  disease.  A  judgment 
as  to  the  primary  or  secondary  nature  of  a  furuncle  or  carbuncle  has 
to  be  based  upon  the  time  of  its  appearance.  If  it  is  among  the  first 
signs  to  develop,  it  may  be  regarded  as  a  primary  lesion  ;  if  it  appear 
sometime  after  the  onset  of  the  symptoms,  it  must  be  looked  upon  as 
of  secondary  occurrence. 

Mild  Plague  or  So-called  Peatia  Minor, 

At  the  beginning  and  end  of  large  epidemics  it  is  common  to  find 
numbers  of  cases  of  plague  which  are  so  mild  that  they  cause  the 
patients  but  little  inconvenience ;  undoubtedly  in  many  instances  mild 
cases  pass  unrecognized.  The  severity  of  cases  in  any  given  epidemic 
appears  to  conform  to  a  curve.  The  mild  cases  in  the  beginning  give 
place  gradually  to  more  and  more  severe  infections  until  at  the  acme 
of  the  epidemic  the  most  violent  septicemic  and  acutely  fatal  cases  are 
met  with.  This  stage  is  followed  by  a  decline  in  severity  until  finally 
the  epidemic  dies  out  in  a  series  of  mild  ambulatory  cases.  The  great 
importance  of  these  mild  cases  of  plague  for  the  spreading  of  the  dis- 
ease is  obvious.  Since  the  bacilli  are  given  off  through  the  urine  and 
feces  an  ambulatory  case  may  spread  the  germs  of  the  disease  far  and 
wide.  Occasionally  an  individual  who  presents  what  is  apparently  a 
mild  form  of  the  disease  in  its  early  stages  may  later  become  very  ill. 
For  example,  in  San  Francisco  during  the  visit  of  the  commission  one 
of  the  fatal  cases  observed  was  not  considered  very  ill  by  his  friends 
in  the  early  part  of  his  attack.  Indeed,  he  walked  about  and  took 
food  with  his  companions  for  several  days,  and  it  was  only  shortly 
before  his  death  that  the  grave  nature  of  the  malady  was  realized. 


474  BARKER, 

There  is  room  for  much  bacteriologic  work  upon  the  epidemics  of 
so-called  pestis  minor.  There  have  been  epidemics  described  in  which 
as  many  as  two  hundred  cases  of  the  disease  have  occurred  without  a 
death.  One  naturally  asks  the  question  with  regard  to  such  epidemics. 
Are  we  dealing  here  with  true  bubonic  plague  or  with  some  other  dis- 
ease? Bacteriologic  examination  can  alone  settle  the  diagnosis  in 
such  instances. 

Epidemics  of  so-called  ''  climatic  buboes"  have  been  described  by 
various  authors  (Ruge,  Godding,  Skinner,  Nagel).  The  exact  nature 
of  these  climatic  buboes  is  not  clear.  While  some  authorities  (CantHe) 
assume  that  the  disease  is  an  example  of  a  mild,  non-fatal  infection 
with  the  bacillus  pestis,  there  are  others  (Godding,  Scheube)  who  are 
just  as  positive  that  the  disease  is  essentially  different  from  plague. 
Here  again  we  are  in  urgent  need  of  bacteriologic  study.  It  alone 
will  settle  this  mooted  question. 

In  San  Francisco,  among  the  physicians  who  have  been  in  practice 
there  for  some  time,  great  stress  was  laid  upon  the  '^  glandular  swell- 
ings "  occurring  among  the  Chinese.  It  was  asserted  by  some  of  the 
most  experienced  physicians  in  that  city  that  such  glandular  swellings 
had  been  occurring  among  the  Asiatic  inhabitants  for  no  less  than 
thirty  years.  These  physicians  were  convinced  that  the  cases  which 
were  proved  by  bacteriologic  examination  to  be  plague  were  precisely 
the  same  as  those  of  glandular  swelling  observed  in  earlier  years.  In 
the  absence  of  pathologic  and  bacteriologic  examination  of  cases  of 
so-called  "  glandular  swelling "  of  the  earlier  days,  it  must  for  the 
present  remain  undecided  what  the  nature  of  those  cases  really 
was. 

Of  one  thing  there  can  no  longer  be  any  doubt — the  "  glandular  swell- 
ings '^  occurring  among  the  Chinese  in  San  Francisco  in  Februaiy, 
1901,  are  instances  of  true  infections  with  the  bacillus  of  bubonic 
plague. 

In  all  the  infections  resembling  mild  cases  of  plague  the  importance 
of  bateriologic  and  pathologic  examination  for  the  establishment  of 
the  diagnosis  is  clear.  With  the  help  of  the  naked  eye,  the  micro- 
scopic appearance  of  the  lymph  glands  affected,  and  of  cover-slips, 
cultures,  and  animal  experiments  from  the  diseased  glands,  there  can 
be  no  difficulty  whatever  nowadays  in  distinguishing  true  plague  from 
any  other  affection. 
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The  Diagnosis  of  Plague. 

In  the  diagnosis  of  this  disease  one  will  naturally  be  influenced  as  to 
the  methods  he  will  pursue  by  the  circumstances  under  which  he  is 
working.  If  he  is  to  decide  as  to  the  nature  of  the  first  suspected 
case  in  a  place  where  the  disease  has  not  hitherto  been  known  to 
exist,  he  will  be  very  much  more  cautious  in  coming  to  a  conclusion 
than  where  he  has  to  pass  judgment  upon  a  suspected  case  in  a  region 
in  which  plague  cases  are  known  to  be  daily  occurring.  For  no  con- 
scientious physician  will  impose  upon  a  community  the  restrictions  as 
regards  travel  or  the  inconveniences  and  financial  loss  to  commercial 
interests  which  the  positive  diagnosis  of  plague  and  the  public  an- 
nouncement thereof  in  a  large  center  entails  unless  he  is  absolutely 
sure  of  his  ground. 

The  desirability  of  coming  quickly  to  an  absolutely  certain  conclu- 
sion in  9k  first  suspected  case  cannot  be  too  strongly  emphasized.  It  is 
of  the  greatest  importance  if  plague  is  breaking  out  in  a  community 
to  establish  this  fact  beyond  any  possibility  of  question.  Owing  to 
the  slowness  with  which  plague  tends  to  spread  after  its  first  appear- 
ance in  a  place,  it  is  comparatively  easy  to  stamp  it  out  in  the  bud  or 
limit  the  spread  to  a  small  focus  if  the  very  first  case  be  recognized 
and  the  proper  measures  for  the  prevention  of  its  spread  be  under- 
taken. Then,  too,  it  is  only  when  the  people  of  the  community  are 
convinced  of  the  presence  of  a  disease  which  is  capable  of  giving  rise 
to  a  grave  form  of  epidemic  that  they  will  bestir  themselves  to  employ 
the  proper  means  for  the  prevention  of  its  spread  and  for  its  utter 
extermination. 

In  San  Francisco  the  disease  was  recognized  in  March,  1900,  and 
its  true  nature  fully  established  by  competent  pathologists  and  bac- 
teriologists. Whether  any  or  how  many  cases  of  plague  occurred  in 
San  Francisco  before  this  date  must  remain  in  doubt.  The  medical 
men  of  the  city  who  had  had  a  training  in  pathology  and  bacteriology, 
or  who  had  learned  to  have  confidence  in  the  results  of  pathologic 
and  bacteriologic  work,  with  a  few  notable  exceptions,  concurred  in 
the  diagnosis  and  urged  the  public  to  take  the  appropriate  measures 
for  the  control  of  the  disease.  Unfortunately  the  matter  became  a 
political  issue.  A  certain  number  of  medical  men,  among  them  several 
of  prominence,  denied  the  existence  of  plague,  and  this,  together  with 
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the  fact  that  the  disease  did  not  spread  to  any  large  extent,  helped  to 
encourage  the  public  in  thinking  that  the  disease  was  not  bubonic 
plague — a  belief  which  was  heartily  in  accord  with  their  hopes. 

A  doubt  arose  in  the  public  mind  as  to  the  possibility  of  making  a 
certain  diagnosis  in  a  suspected  case.  The  people  were  told  that  no 
''  living  case  ''  had  been  observed,  and  that  the  diagnosis  rested  purely 
upon  pathologic  and  bacteriologic  examinations.  They  were  farther 
assured  that  such  examinations  were  insufficient  for  the  making  of  t 
diagnosis,  and  the  statement  was  circulated  that  bacteriology  is '' as 
yet  too  young  a  science  to  interfere  in  any  way  with  the  commerce  of 
a  great  city." 

As  a  matter  of  fact,  the  modern  trained  physician  who  has  had 
experience  with  the  disease  can  make  in  a  case  of  plague  an  absolately 
positive  diagnosis  more  easily  probably  than  in  most  of  the  other  in- 
fectious diseases.  The  diagnosis  can  be  established  beyond  the  shadow 
of  a  doubt.  Naturally,  when  dealing  with  a  first  case  the  most  ex- 
perienced clinician  would  hesitate  to  pronounce  upon  the  existence  of 
such  a  dreaded  disease  in  a  community  until  he  had  forged  a  chain  of 
evidence  which  could  not  admit  of  dispute.  If  he  saw  the  case  alive 
he  would  subject  it  to  a  very  thorough  clinical  examination,  woald 
weigh  the  positive  signs  with  all  faithfulness,  and  would  make  every 
effort  to  exclude  the  existence  of  diseases  which  in  any  way  resemble 
plague,  before  deciding  that  the  case  was  one  of  pest.  If  there  were 
buboes,  after  excluding  other  possible  causes  of  their  origin,  he  would 
bacteriologically  examine  the  juices  extracted  from  them  by  hypoder- 
mic syringe.  If  the  patient  died  he  would  examine  the  glands  with 
the  naked  eye  and  microscopically,  and  would  make  a  complete  bacte- 
riologic examination  of  these  glands,  including  animal  inoculations. 

It  is  not  necessary  to  have  a  "  living  case  *'  before  one  in  order  to 
establish  the  existence  of  plague  in  a  city.  The  pathologic  appear- 
ances in  themselves  are  absolutely  characteristic  in  the  majority  of 
cases,  and  the  bacteriologic  examination  alone  will  suffice,  if  it  be 
positive,  for  a  decision.  Fortunate  we  are  that  bacteriology,  thou^ 
a  young  science,  has  placed  in  our  hands  the  means  of  becoming  sure 
whether  or  not  we  have  among  us  a  disease  of  such  dreadful  possibili- 
ties as  bubonic  plague  I 

It  is  important,  if  possible,  that  men  who  have  had  experience 
with  the  disease  be  called  upon  to  give  a  decision  in  a  suspected 
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outbreak.  Aside  from  the  confidence  which  the  public  would  repose 
in  the  diagnosis  under  such  circumstances,  it  is  undoubtedly  true  that 
actual  first-hand  knowledge  of  the  disease  clinically,  pathologically, 
and  bacteriologically  goes  far  to  make  conclusion  in  a  given  case 
quick  and  easy.  The  German  Government,  recognizing  this  fact, 
has  arranged  for  definite  plague  courses  at  certain  of  the  bacteriologic 
institutes,  where  men  may  be  prepared  for  the  special  study  of  the 
disease.  When  a  suspected  case  is  reported  from  any  source,  plague 
experts  with  special  plague  bacteriologic  outfits  are  sent  at  once  to 
the  place,  and  their  report  is  accepted  as  final  and  acted  upon 
immediately. 

A  large  part  of  the  difficulty  in  San  Francisco  was  due  to  the  non- 
education  of  the  public  and  of  a  portion  of  the  profession  with  regard 
to  plague  matters.  As  knowledge  of  plague  has  increased  so  rapidly 
during  the  past  two  or  three  years,  and  has  been  so  greatly  modified 
during  the  same  period,  it  is  not  strange  that  erroneous  views  have 
been  and  are  still  in  most  places  prevalent.  The  idea  appears  to  be 
very  general  that  if  plague  once  starts  in  a  place  it  will  spread  rapidly 
in  the  form  of  a  violent  epidemic,  leading  within  a  very  short  time 
to  hundreds  or  even  thousands  of  deaths.  Nothing  could  be  fur- 
ther from  the  truth.  It  is  rare  that  plague  spreads  rapidly  after 
the  appearance  of  the  first  case;  it  would  appear  to  be  only  after  the 
rats  of  the  place  have  become  infected  that,  as  a  rule,  a  large  outbreak 
occurs. 

The  diagnosis  in  March  was  made  by  competent  men  connected  with 
the  City  Board  of  Health  and  the  Marine  Hospital  Service,  and  was 
backed  up  by  the  opinion  of  the  professors  of  pathology  and  bac- 
teriology in  the  two  best  medical  schools  in  San  Francisco  and  by 
several  prominent  clinicians.  The  people  of  the  city  and  State  ran 
a  needless  risk  in  not  trusting  more  fully  the  conclusions  arrived 
at  by  the  scientific  men  in  their  midst. 

As  a  matter  of  fact,  nearly  all  epidemics  of  plague  begin  with  cases 
of  the  bubonic  or  glandular  form,  and  this  is,  fortunately,  the  form 
which  is  most  easily  diagnosed.  If  one  meets  with  a  number  of  cases 
with  buboes,  occurring  in  the  absence  of  venereal  infection,  and  asso- 
ciated with  severe  general  symptoms,  some  of  the  cases  terminating 
fatally,  he  may,  especially  if  be  be  dealing  with  Asiatic  peoples,  be 
almost  certain  that  he  has  to  do  with  an  outbreak  of  bubonic  plague. 
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One  may  now  and  then  meet  with  a  septic  case  without  buboes,  but,  as 
far  as  is  known,  when  septicemic  cases  are  occurring  in  a  place  there 
are  always  at  the  same  time  other  cases  with  buboes. 

In  all  doubtful  cases,  and  especially  where  one  is  dealing  with  a  fint 
case,  a  thorough  bacteriologic  examination  should  be  made.     This 
should  include  the  study  of  the  juice  from  a  bubo,  if  one  be  present, 
the  sputum,  the  blood,  the  splenic  juice,  the  urine,  material  from  skin 
lesions,  and,  should  there  still  be  doubt,  the  feces.     Cover-slip  prep- 
arations, cultures,  and  animal  experiments  are  to  be  resorted  to.     It 
is  Dr.  Novy's  province  to  deal  with  the  bacteriologic  examinations  in 
detail,  and  I  shall,  therefore,  not  enter  into  the  methods  here.     It  is 
to  be  remembered  that  a  positive  result  is  of  greater  significance  for 
diagnosis  than  a  negative  one.     If  no  bacilli  are  obtained  from  the 
juice  of  a  suspected  bubo  one  should  not  stop  with  the  first  trial, 
but  should  make  repeated  examinations  until  the  case  is  clear.   Where 
the  disease  is  epidemic  it  is  unnecessary,  in  the  majority  of  instances, 
for  diagnostic  purposes  to  go  beyond  the  cover-slip  preparation  of  the 
juice  of  a  bubo.     If  this  is  positive  as  regards  the  presence  of  the 
plague  bacillus,  one  need  go  no  further.     He  who  is  familiar  with  the 
clinical  symptoms  of  plague  and  with  the  appearance  of  the  plague 
bacillus  under  the  microscope  will  not  require  to  make  cultures  or 
animal  experiments  if,  in  connection  with  suspicious  clinical  symp- 
toms, he  finds  great  numbers  of  the  characteristic  bacilli  in  his  cover- 
slip  preparations  made  from  the  juice  of  a  bubo.     If  there  be  aoy 
diflSculty  as  to  the  diagnosis,  cultures,  and  especially  inoculation  of 
guinea-pigs,  will  remove  all  doubt. 

The  serum  reaction  in  plague  would  seem  to  be  of  but  little  value 
for  diagnosis  except,  possibly,  to  indicate  that  an  individual  has  had 
plague  at  some  time  previously,  for  during  the  first  week  of  the  dis- 
ease, according  to  Zabolotny,  a  positive  agglutinating  reaction  is  not 
obtainable.  Since  in  the  majority  of  fatal  cases  death  occurs  from 
the  fourth  to  the  sixth  day,  the  uselessness  of  the  reaction  for  diag- 
nostic purposes  is  obvious. 

Plague  may  be  confused  in  certain  instances  with  malaria,  typhoid 
fever,  relapsing  fever,  venereal  buboes,  and  other  forms  of  adenitis. 
Mistakes  are  not  likely  to  be  made,  however,  if  clinicians  resort  in 
every  case  they  examine  to  a  thorough  routine  clinical  study  of  all 
the  features  presented.     If  malaria  exists,  the  parasites  should  be 
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found  in  the  blood.  If  the  case  is  one  of  typhoid  fever,  in  the  ma- 
jority of  instances  the  Widal  action  will  be  positive.  If  it  is  one  of 
relapsing  fever,  the  spirochete  may  be  observed  microscopically.  It 
is  to  be  remembered  that  there  may  be  cases  of  combined  infection — 
malaria  with  plague,  and  plague  with  relapsing  fever.  The  writer 
was  shown  such  cases  in  the  Arthur  Road  Hospital  in  Bombay.  In 
the  same  hospital,  Khan  Bahadur  Dr.  Ghoksey  showed  Dr.  Flint  and 
myself  a  form  of  plague  in  which  there  was  an  associated  parotiditis, 
the  plague  bacillus  probably  entering  the  gland  through  the  ductus 
parotideus.  If  there  are  venereal  buboes,  the  size,  resistance,  and 
character  of  the  tenderness  of  the  enlargement  will  easily  distinguish 
them  from  those  met  with  in  plague,  and,  further,  in  most  instances, 
an  initial  venereal  lesion  will  be  discoverable.  In  all  cases,  including 
the  various  kinds  of  adenitis,  the  chief  reliance  must  be  placed  upon 
the  bacteriologic  examination  of  the  lymph  glands  and  of  the  blood 
from  the  spleen. 

An  infection  with  anthrax  might  be  confounded  with  the  cutaneous 
form  of  the  plague,  but  here,  again,  the  bacteriologic  examination, 
even  of  cover-slips,  would  suffice  to  differentiate  the  two  diseases. 

Plague  pneumonia  should  not  be  confounded  with  croupous  pneu- 
monia. The  sputum  is  decisive.  It  consists  in  plague  pneumonia 
almost  entirely  of  blood  and  plague  bacilli.  Microscopic  examination 
of  a  cover-slip  properly  stained  in  carbol-thionin  will  reveal  typical 
bipolar  staining  plague  bacilli  in  enormous  numbers.  If  the  plague 
bacilli  are  few  in  number,  or  are  mixed  with  other  bacterial  forms  so 
that  there  is  doubt  with  regard  to  its  presence,  a  guinea-pig  should 
be  inoculated.  It  is  emphasized  by  Ghilde  that  herpes  is  never  pres- 
ent in  a  plague  pneumonia. 

If  the  first  case  seen  is  a  septicemic  case  it  is  very  likely  to  go 
unrecognized  until  after  death.  The  hemorrhages  and  phenomena  of 
general  sepsis  in  the  absence  of  apparent  cause  will  then  excite  sus- 
picion, and  the  bacteriologic  examination  will  make  the  case  clear. 
Nowadays,  when  cultures  from  the  blood,  intra  vitam,  are  so  often 
resorted  to  by  clinicians  for  purposes  of  diagnosis  in  cases  of  general 
sepsis,  we  may  hope  for  the  discovery  of  plague  septicemia  even  in  a 
first  case  during  life. 

Dengue  fever,  prevalent  in  certain  districts,  might,  on  account  of 
the  general  tenderness  over  the  lymph  glands,  be  confounded  with 
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plague,  but  the  characteristic  exanthem  and  the  mild  course  of  the 
disease  will  usually  permit  one  to  recognize  it  even  before  a  bactenV 
logic  examination  has  been  undertaken  to  establish  the  absence  or 
presence  of  the  plague  bacilli. 

It  must  be  borne  in  mind  that  the  peoples  among  which  plague 
occurs  in  epidemics  live  under  such  conditions  that  careful  clinical 
and  pathologic  examinations  can  be  made  only  with  considerable 
difficulty.  Practice  among  the  Chinese  or  among  the  Hindoos  has, 
perforce,  to  be  carried  on  in  a  much  less  satisfactory  way  than  among 
Europeans  or  Americans.  Where  plague  cases  are  actually  known 
to  be  occurring  in  an  Asiatic  population  the  only  safe  method  to 
pursue  is  to  assume  every  case  of  fever  among  the  living  to  be  one  of 
infection  with  plague  until  it  is  proven  to  be  something  else,  and  to 
regard  every  dead  body  as  a  plague  cadaver  until  pathologic  and 
bacteriologic  examinations  (including  the  inoculation  of  a  susceptible 
animal)  have  demonstrated  the  absence  of  the  plague  bacillus. 

Treatment.  As  to  therapy  there  is  but  little  to  be  said.  The 
only  remedy  available  in  which  any  confidence  is  to  be  placed  is  the 
pest-serum  of  Yersin-Roux.  The  results  obtained  with  Roux's  serum 
at  Oporto  were  very  encouraging.  Should  the  writer  develop  the 
disease  he  would  wish  to  have  this  serum  administered  hypodermically 
in  large  quantities.  Outside  of  the  serum-therapy  the  treatment  is 
wholly  symptomatic. 

As  a  prophylactic  measure,  Haffkine's  inoculation  is  best  for  indi- 
vidual protection,  though  immunity  for  short  periods  appears  to  be 
afforded  by  injection  of  Roux's  serum. 
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My  acquaintance  with  the  bubonic  plague  dates  from  a  visit  to 
Hong  Kong,  made  in  the  spring  of  the  year  1899  while  a  member  of 
the  Commission  sent  by  the  Johns  Hopkins  University  to  study  the 
diseases  of  the  Philippine  Islands.  While  engaged  in  out-fitting  in 
Hong  Kong  opportunity  was  afforded  the  Commission,  by  the  courtesy 
of  Dr.  Lowson,  the  civil  physician  in  charge  of  the  Kennedy-town 
isolation  hospital  and  the  mortuary^  to  inspect  those  ill  of  plague  and 
to  witness  and  conduct  postmortem  examinations  upon  those  dead  of 
the  disease.  During  this  period  the  several  known  varieties  of  the 
plague  were  observed.  Bacteriologic  examinations  were  conducted 
and  a  small  collection  of  pathologic  material  made. 

No  especial  use  was  made  of  the  tissues  collected  in  Hong  Kong 
until  recently,  when,  as  a  member  of  the  National  Commission^ 
appointed  to  investigate  the  plague  in  San  Francisco,  another  oppor- 
tunity was  obtained  to  study  the  disease  and  collect  a  supply  of  ma- 
terial. The  study  of  this  combined  material,  together  with  a  record 
of  observations  upon  the  pathology  of  the  disease  as  presented  especially 
in  San  Francisco,  will  form  the  basis  of  the  present  paper. 

The  epidemic  in  San  Francisco  is  not  traceable  directly  in  a  con- 
tinuous chain  of  instances  to  any  previous  epidemic.  The  first  case 
discovered  in  San  Francisco,  in  March,  1900,  was  accidentally  met 
with,  and  could  not  be  connected  with  any  previous  example  or  precise 
infected  locality.     And  yet  the  fact  that  the  victim  was  a  Chinaman 

*  The  Commission  was  authorized  by  the  Secretary  of  the  Treasury,  and  consisted  of  Pro- 
fefisors  L.  F.  Barker,  F.  G.  Novy,  and  myself. 
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places^  with  great  probability,  the  source  of  infection  in  the  Chinese 
epidemic  which  has  continued  without  interruption  for  the  past  six  or 
seven  years. 

The  Chinese  of  San  Francisco,  as  of  this  country  generally,  arc 
Cantonese,  who  embark  at  Hong  Kong  for  America.  Although  no 
new  importation  of  Chinese  into  the  United  States  is  known  to  be 
taking  place  at  this  time,  yet  the  constant  travel  kept  up  by  those 
who  return  for  a  period  to  China  maintains  a  continuous  communica- 
tion between  our  western  shores  and  the  southern  part  of  the  Chinese 
Empire.  The  shipments  of  food-stuffs,  wearing  apparel,  and  objects 
of  art  from  Hong  Kong  to  America  are  constant,  and  constitute  an- 
other bond  of  tangible  connection  between  the  two  countries. 

The  first  authentic  account^  of  the  appearance  of  plague  in  Europe 
is  the  great  epidemic  known  as  the  Plague  of  Justinian,  which  in  a.d. 
542,  starting  from  Egypt,  spread  to  Europe  and  all  over  the  Roman 
Empire,  and  which,  lasting  for  fifty  or  sixty  years,  wrought  the  most 
frightful  devastation.  From  that  time  until  1841,  when  the  plagae 
appeared  for  the  last  time  in  Constantinople,  it  recurred  again  and 
again  in  different  parts  of  Europe,  though  latterly  only  in  the  south- 
eastern parts  of  the  Continent  and  in  areas  becoming  gradually  more 
circumscribed.  In  1878  and  1879  a  small  epidemic,  which  speedily 
died  out,  broke  out  in  the  Russian  province  of  Astrakan.  With  the 
latter  exception  and  the  recent  limited  epidemic  in  Oporto  and  Glas- 
gow, Europe  has  long  enjoyed  exemption  from  the  plague.  America 
has  never  been  visited  until  the  recent  appearance  at  Santos,  Brazil, 
and  the  Argentine,  and  at  San  Francisco. 

The  mode  of  spread  to  America  can  best  be  followed  by  a  consider- 
ation of  the  progress  of  the  recent  epidemics  in  Egypt,  India,  and 
China.  Egypt,  until  1899,  had  been  exempt  from  plague  since  1844, 
although  several  epidemics  have  since  the  latter  date  occurred  in  its 
neighborhood — in  Tripoli  (Benghasi),  and  on  the  Red  Sea  coast  of 
Arabia  (Assir),  from  1853  to  the  present  time.  It  is  said  to  be  en- 
demic in  Uganda  and  the  hinterland  of  German  Ea«t  Africa  (Koch). 
Many  epidemics  have  occurred  in  Mesopotamia,  Turkestan,  India, 
China,  and  Mongolia. 

In  India  there  had  been  several  outbreaks  during  the  nineteenth 

1  This  historic  account  is  abridged  and  but  little  altered  from  the  account  of  HansoD.  Tropical 
Diseases,  luoi. 
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century,  but  they  had  been  of  a  localized  rather  than  of  a  general 
character.  Probably  plague  is  always  present  in  some  parts  of  India, 
epecially  among  the  rude  hill  peoples.  In  1896  it  appeared  in  Bom- 
bay, and,  possibly,  in  Calcutta,  having  been  imported  to  the  former 
city,  most  likely  from  Hong  Kong. 

It  is  now  known  that  plague  has  been  endemic  in  the  southwest  of 
China,  in  the  province  of  Yunnan,  for  many  years.  It  was  particu- 
larly active  from  1871  to  1873,  after  the  great  Mohammedan  rebellion. 
From  Yunnan,  probably  following  the  trade  route,  it  spread  to  Pakhoi 
on  the  Gulf  of  Tonquin,  a  severe  epidemic  occurring  in  1883  in  that 
and  in  neighboring  towns.  In  1894  it  had  extended  to  Canton, 
where  it  killed,  it  is  estimated,  60,000  in  a  population  of  1,500,000  (?). 
Later  in  the  spring  of  the  same  year  it  broke  out  in  the  English 
colony  of  Hong  Kong,  subsequently  spreading  to  Macao,  Swatow, 
Amoy,  Foochow,  Formosa,  and  probably  many  other  places  in  the 
southern  provinces  of  the  Chinese  Empire.  Recently  it  has  broken 
out  in  Mauritius,  Madagascar,  at  Delagoa  Bay  and  Cape  Town  in 
South  Africa,  Osaka,  and  Kobe,  in  Japan ;  Manilla,  in  the  Philip- 
pine Islands ;  Hawaii,  in  the  Sandwich  Islands,  and,  lastly,  as  men- 
tioned, at  San  Francisco,  in  the  United  States. 

The  evidence  is  complete  and  incontrovertible  that  the  cause  of 
plague  is  found  in  a  specific  bacillus  discovered  almost  simultaneously 
by  Kitasato  and  Yersin  in  the  year  1894,  during  the  prevalence  of 
the  epidemic  in  Hong  Kong.  The  bacillus  has  a  characteristic  form  ; 
it  exhibits  a  marked  peculiarity  in  staining  properties  ;  admits  easily 
of  cultivation  outside  the  body ;  readily  and  quickly  undergoes  invo- 
lution upon  artificial  media,  especially  when  concentrated  so  as  to 
contain  an  increased  quantity  of  salts  {e,  g,,  sodium  chlorid),  and 
also  in  the  tissues  after  degeneration  and  after  removal  from  the  body 
or  death  of  the  individual,  if  the  examination  be  delayed  for  some 
hours,  and  is  pathogenic  for  a  wide  range  of  animals,  causing  in  them 
similar  symptoms  and  lesions  to  those  found  in  the  natural  infection 
in  man  and  in  the  rat.  As  this  paper  does  not  pretend  to  deal  with 
the  purely  bacteriologic  aspect  of  the  plague,  a  brief  reference  only 
will  be  made  to  the  morphologic  character  of  the  bacillus. 

As  seen  in  recently  affected  and  freshly  removed  tissues,  in  secre- 
tions or  cultures,  the  bacillus  of  plague  is  a  short  rod,  averaging  1.5 
to  1.75/i  in  length  and  0.5  to  0.7//  in  width.     The  ends  are  rounded 
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and  the  sides  convex,  the  form,  therefore,  approaching  an  oval.  From 
the  tvpical  form  there  are  two  variations :  one  is  shorter  and  coccoid, 
the  other  longer  and  more  definitely  rod  form.  A  third  variation  is 
ovoid,  in  which  one  end  appears  slightly  thicker  than  the  other.  All 
the  forms  tend  to  exhibit  bipolar  staining,  the  mid-portion  remaining 
unstained  or  staining  more  lightly.  Complete  and  uniform  staining 
may,  however,  be  observed.  In  older  pathologic  processes,  and  in 
older  artificial  cultivations,  as  well  as  upon  concentrated  media,  vari- 
ous degenerative  forms  are  found.  These  consist  of  oval,  ovoid,  almost 
circular,  bladder-like,  irregularly  outlined  and  even  bizarre  bodies, 
which  stain  with  difficulty,  slightly,  or  even  not  at  all,  or  stain  at  the 
margins  and  not  in  the  interior.  A  not  infrequent  degenerative  form 
resembles  a  dumb-bell  or  dough-nut  (so-called  "  dough-nuts  "  of  the 
San  Francisco  bacteriologists). 

Staining  is  more  readily  effected  in  films  than  in  tissues ;  but  in 
both  it  proceeds  relatively  slow.  Gram's  method  is  negative.  While 
all  the  common  anilin  stains  can  be  employed  for  staining,  the  mo:it 
useful  results  were  obtained  with  carbol-thionin  in  weak  solutions  and 
after  long  immersion. 

The  present  description  is  based  upon  the  study  of  six  cases  of 
plague  upon  which  postmortem  examinations  were  made.  Unfortu- 
nately, with  one  exception — Case  VI. — complete  autopsies  could  n<»t 
be  made. 

The  reasons  for  this  deplorable  fact  will  be  found  in  the  succeeding 
paragraphs,  quoted  from  the  official  report  of  the  Commission*  ap- 
pointed by  the  Secretary  of  the  Treasury  for  the  investigation  of  plague 
in  San  Francisco : 

**  In  the  study  of  the  pathology  of  cases  of  plague  met  with  among 
the  Chinese  in  San  Francisco  a  number  of  disadvantageous  circum- 
stances were  contended  with.  In  the  first  place,  owing  to  the  peca- 
liar  prejudices  of  this  people — prejudices  born  especially  of  their 
religious  beliefs  and  practices — permission  for  postmortem  examina- 
tions is  given  with  great  reluctance.  The  opposition  to  all  mutilation 
of  the  bodies  of  the  dead  is  so  great  that  consent  for  necropsies  was 
obtained  only  after  assurance  that  the  examinations  would  be  limited 

1  Report  of  the  Commission  appointed  by  the  Secretary  of  the  Treasury  for  the  InvestigatJOQ 
of  plague  in  San  Francisco,  under  instructions  from  the  Surgeon-General,  Marine  Hapit*! 
Service.    Washington,  IWl. 
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strictly  to  the  actual  necessities  for  the  establishment  of  the  diagnosis 
of  the  disease. 

*'  In  the  next  place,  there  is  no  public  mortuary  in  San  Francisco 
to  which  the  dead  bodies  were  or  could  be  carried.  Such  examina- 
tions as  were  made  were  conducted  in  the  narrow  limits  of  a  dimly 
lighted  alcove  in  an  undertaker's  shop,  or  in  the  even  worse  habita- 
tions where  the  dead  were  found. 

"  Under  the  circumstances  the  postmortem  examinations  left  some- 
thing to  be  desired  on  the  score  of  completeness,  although  in  every 
instance  the  important  question  whether  death  was  caused  by  plague 
was  answered  definitely." 

The  PoBtmortein  Examinations,^ 

Case  I. — Chun  Ah  Chou,  actor,  aged  forty-four  years,  died  February  5th 
in  Washington  Street  Theatre.  Body  well  nourished,  two  or  three  dark- 
bluish  spots  on  legs  (possibly  hemorrhages).  On  palpation  of  neck,  axillae, 
and  groins  some  enlargement  of  the  lymphatic  glands  of  the  groin  was  made 
out,  though  nothing  corresponding  to  an  outspoken  bubo  was  visible.  In- 
cisions were  made  in  each  groin,  extending  from  Poupart's  ligament  about 
one-third  the  length  of  the  thigh.  The  tissues  on  the  left  side  were  swollen 
and  edematous;  the  edema  was  serohemorrhagic  in  character,  and  the  lym- 
phatic glands  were  hemorrhagic  and  greatly  swollen.  On  the  right  side  the 
edema  was  less  marked,  and  the  glands,  while  distinctly  enlarged  and  red- 
dened, were  less  altered  than  those  on  the  left  side.  Sections  of  the  glands 
showed  them  to  be  uniformly  hemorrhagic  and  swollen,  and  to  contain  fre- 
quent necroses  visible  to  the  naked  eye. 

The  spleen  was  fully  twice  the  normal  size.  It  was  softer  than  normal, 
the  capsule  was  wrinkled,  and  the  color  deepened. 

The  examination  of  films  from  the  glands,  periglandular  tissue,  and  spleen 
showed  large  numbers  of  bacilli  decolorizing  by  Gram's  method  and  pre- 
senting the  morphology  of  B.  pestis.  Cultures  and  inoculations  of  guinea- 
pigs  were  also  made. 

Case  II. — Lum  Hong  Yuen,  cook  and  waiter  in  the  Chinese  theatre.  Illness 
of  three  weeks'  duration.  Said  to  have  quit  work  on  account  of  chancre  and 
bubo  three  weeks  before  death.  Four  or  five  weeks  prior  to  death  he  is  said 
to  have  had  a  chill.  On  inspection  of  the  body  no  evidence  of  a  chancre 
could  be  found.  In  the  inguino-femoral  region  a  large  mass  of  swollen, 
conglomerated  lymphatic  glands  could  be  felt.  Upon  incision  of  the  right 
groin  from  Poupart's  ligament  to  the  beginning  of  the  middle  third  of  the 
thigh  serohemorrhagic  periglandular  edema  and  uniformly  enlarged  and 
reddened  glands  were  found.  The  amount  of  fluid  was  considerable,  although 
there  was  enlargement  of  all  the  glands ;  some  of  them  reached  to  the  size 

1  Free  use  has  been  made  of  the  records  of  cases  in  the  official  report. 
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of  a  hone-chestnut.    On  section  these  were  of  a  deep  red  color  and  soft  con- 
sistence.   Necroses  were  present. 

The  spleen  was  enlarged  to  fully  double  the  normal  size ;  it  was  softened 
and  of  a  deep  bluish-red  color. 

Films  from  the  glands  and  spleen  showed  large  numbers  of  bacilli  hayiDg 
the  morphology  and  staining  properties  of  B.  pestis.  Cultures  and  animal 
inoculations  were  made. 

Case  III. — Wong  Chi  Lui»  cigarmaker,  aged  forty- five  ye^rs.  Illness  of 
two  weeks.  Complained  of  fever,  loss  of  appetite,  and  general  uneasiness. 
There  had  been  pain  in  the  groin  and  lower  abdomen,  for  which  a  Chinese 
doctor  had  applied  a  plaster  of  honey  &nd  salve.  No  history  of  venereal 
disease.  For  three  or  four  days  previous  to  death  the  man  was  unconscious. 
On  inspection  and  palpation  a  large  mass  of  swollen  glands  was  discovered 
in  the  left  ingui no- femoral  region.  On  incision  enlarged  glands  were  revealed 
about  the  saphenous  opening  and  in  the  groin.  The  largest  gland  had  the 
size  of  an  English  walnut,  and  was  of  a  dark  reddish-brown  color;  it  was 
soft  and  juicy  in  consistence,  and  mottled  with  hemorrhages  and  with  gray- 
ish-white patches  of  necroses.  The  less  swollen  glands  were  markedly 
injected  and  contained  hemorrhages.  The  periglandular  tissue  was  very 
edematous,  fluid  running  freely  from  the  incision. 

The  spleen  was  about  twice  the  normal  size,  soft  and  friable. 

Films  from  the  glands  and  spleen  showed  bacilli  presenting  all  the  prop- 
erties of  B.  testis.    Cultures  and  animal  inoculations  as  usual. 

Case  IV. — Tom  Shorn,  male,  aged  fifty-one  years,  actor  in  the  Chinese 
theatre.  Had  been  acting  in  the  theatre  two  weeks  before,  although  it  bad 
been  stated  that  he  had  not  been  well  for  from  six  to  seven  months  pre- 
viously. On  February  4th  he  became  seriously  ill  with  fever  and  deliriam. 
There  had  been  some  vomiting.  On  clinical  examination,  February  8th 
(Dr.  Barker),  the  patient  was  found  lying  upon  his  back  in  bed.  with 
legs  drawn  up.  He  was  in  a  state  of  semi-stupor;  pulse  108,  quick,  rather 
full,  but  of  low  tenflion.  The  skin  was  hot  and  dry.  Respiration  20  to  the 
minute.  The  face  had  an  anxious  expression.  There  was  no  palpable  en- 
largement of  the  glands  of  the  neck  and  axill»,  but  in  the  right  groin  sev- 
eral enlarged  glands  could  be  distinctly  felt,  and  tenderness  existed.  Died 
on  February  10th.  Examination  at  necropsy  showed  a  slight  swelling  in 
the  right  inguino-femoral  region  which,  on  incision,  revealed  slightly  edema- 
tous subcutaneous  tissue,  with  slight  enlargement  of  the  glands.  The  largest 
gland  was  the  size  of  a  filbert,  and  its  surface  was  dark  and  hemorrhagic. 
On  section  it  presented  distinct  hemorrhages.  Other  glands  were  swollen, 
soft,  juicy,  and  hemorrhagic. 

The  spleen  was  enlarged,  soft,  and  friable. 

Films  from  the  spleen  and  glands  showed  large  numbers  of  bacilli  having 
the  characteristic  properties  of  B.  testis.  Cultures  and  animal  inoculations 
were  made. 

Case  V.— Foong  Ah  Fong,  female,  aged  twelve  years.  No  external  signs 
of  plague.    The  spleen  only  was  examined  (marked  protest  from  child's  rela- 
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lives).     It  was  enlarged  to  about  twice  the  normal  size,  and  was  diminished 
in  consistence.    Films  showed  a  very  small  number  of  bacilli  of  the  size  of 
B.  pestis,  although  the  characteristic  polar  staining  was  not  observed.    Cul- 
tures were  made,  and  a  portion  of  the  spleen  was  introduced  subcutaneously 
into  a  guinea-pig,  with  positive  results. 

Case  VI. — Ung  Ah  Buck,  aged  forty-five  years.  The  day  before  his  death 
this  man  was  seen  alive  and  examined  by  Dr.  Barker,  who  diagnosed  the 
case,  intra  vitaMj  as  one  of  cervical  bubonic  plague.  The  patient  stated  that 
he  had  been  ill  for  two  weeks.  His  neck  had  been  swollen  for  one  week, 
and  the  condition  had  been  regarded  as  quinsy.  The  fauces  were  swollen 
and  reddened,  the  swelling  being  very  marked  on  the  left  side.  The  left 
palatine  tonsil  was  much  enlarged,  and  showing  on  its  surface  a  grayinh- 
white  patch  the  size  of  a  dime.  The  reddening  of  the  throat  was  general, 
and  there  was  less  local  injection  than  one  ordinarily  sees  in  diphtheria. 
On  inspection  and  palpation  of  the  left  side  of  the  neck  marked  bulging 
was  found,  due,  it  seemed,  to  enlargement  of  the  cervical  lymphatic  glands. 
Autopsy:  the  left  side  of  the  face  and  neck  presented  a  marked  diffuse  swell- 
ing, extending  from  the  angle  of  the  jaw  backward  to  the  sternocleidomas- 
toid muscle,  and  below  almost  reaching  the  clavicle. 

On  incising  this  region  the  parotid  gland  was  first  reached ;  this  organ 
presented  a  normal  appearance.  After  dissecting  away  the  parotid  gland  a 
group  of  greatly  enlarged,  deep  glands,  surrounding  the  carotid  artery  and 
jugular  vein,  came  in  view.  The  periglandular  tissues  were  infiltrated  with 
bloody  fluid  and  presented  a  sodden  appearance.  The  enlarged  glands  and 
portions  of  the  surrounding  tissue  were  excised ;  the  former  were  found  to 
be  swollen  (several  reaching  the  size  of  an  English  walnut)  and  to  be  wholly 
altered  in  appearance  and  consistence.  In  color  they  were  deep  purplish, 
and  on  incision  a  hemorrhagic  fluid  exuded.  Opaque  points  of  necrosis 
were  also  present. 

The  general  subcutaneous  fat  was  well  developed ;  there  was  no  general 
edema.  The  peritoneum  appeared  smooth  and  glistening ;  there  was  no  fluid  in 
the  abdominal  cavity,  and  the  abdominal  glands  were  not  markedly  swollen. 

The  spleen  was  enlarged  to  fully  twice  its  normal  size;  it  presented  a 
purplish  color  and  its  consistence  was  diminished. 

The  pleural  cavities  were  dry ;  the  lungs  retracted  moderately  upon  re- 
moval of  the  sternum ;  the  lower  lobes  were  congested,  but  no  consolidation 
was  made  out. 

Films,  cultures,  and  animal  inoculations  were  made  from  the  organs  and 
tissues  removed  at  this  necropsy,  consisting  of  the  enlarged  cervical  glands 
and  spleen.  Cover-slips  from  the  spleen  showed  large  numbers  of  bacilli 
having  the  morphology  and  staining  properties  of  the  B.  pestis.  The  films 
from  the  glands  differed  in  their  appearance.  In  some  instances  there  were 
present  large  numbers  of  bacilli  similar  to  those  in  the  spleen,  together  with 
a  few  diplococci  or  short  chains  of  cocci.  Other  cover- slips  showed,  beside 
the  organisms  mentioned,  a  bacillus  having  the  morphology  of  the  B.  diph- 
tberie. 
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The  Histologic  Examination,  The  description  of  the  microscopic 
appearances  is  based  upon  the  study  of  the  material  collected  in  Hong 
Kong  in  1899  and  in  San  Francisco  in  1901.  The  sections  were 
prepared  by  Dr.  Pearce,  to  whom  my  thanks  are  due.  The  material 
covers  especially  the  bubonic  cases,  hence  the  descriptions  will  refer 
almost  exclusively  to  the  changes  in  the  lymph  glands  and  spleen. 
Tissues  from  two  cases  of  tonsillar  infection  (one  from  Hong  Kong) 
are  also  available  for  study.  The  animal  tissues  cover  a  wide  range^ 
and  include  all  the  organs  except  the  central  nervous  system.  They 
were  obtained  from  guinea-pigs  inoculated  with  bits  of  tissues  and 
cultures  in  San  Francisco,  and  represent  the  different  experimental 
effects  produced  by  the  plague  bacilli.  Some  of  the  animals  succumbed 
quickly  to  septicemic  infection,  others  after  many  days,  in  which  case 
pronounced  local  (bubonic)  and  visceral  lesions  were  noted ;  in  a  few 
instances  the  animals  were  etherized  in  order  to  establish  the  diagnosis 
or  to  obtain  intermediate  effects. 

Human  Cases.  As  no  histories  were  obtainable  of  the  cases  from 
which  tissues  were  collected  in  Hong  Kong,  and  none  that  were 
reliable  from  those  in  San  Francisco,  no  attempt  will  be  made  to 
consider  the  disease  with  respect  to  its  duration ;  but  the  degrees  of 
severity  of  lesions  will  be  described  as  exhibited  by  the  grade  of 
involvement  of  the  organs  studied.  The  chief  distinctions  will  be 
afforded  by  the  lymphatic  glands,  and  they  will  depend  upon  whether 
the  glands  were  primarily  or  secondarily  affected.  Primary  involve- 
ment may  be  of  two  kinds :  Of  the  first  order,  being  the  point  of 
original  reception  of  the  virus ;  of  the  second  order,  representing  the 
extension  to  a  second  contiguous  group  of  glands.  As  might  be 
anticipated,  buboes  of  the  second  order  are  less  marked  than  those 
of  the  first  order.  Secondary  buboes  may  be  found  in  any  or  all 
glands  within  the  body,  nnd  at  a  distance  from  the  primary  lesions, 
infection  having  followed  through  the  blood  circulation.  They  pre- 
sent, as  a  rule,  an  example  of  involvement  of  least  intensity. 

Lymphatir  Gfatuh — Primary  Biibf^s  of  Second  Order,  These  glands  abow 
to  the  naked  eye  slight  swelling  and  congestion.  Upon  microscopic  exam- 
ination, in  the  least  marked  cases,  the  changes  affect  especially  the  lymph 
sinuses.  As  might  be  anticipated,  the  subscapular  sinuBes  show  very  early 
involvement.  Even  when  the  medullary  ones  show  very  alight  alteratiooB 
the  cortical  sinus  is  dilated  and  contains  numerous  large  cells,  with  round 
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nuclei  and  finely  granular  and  vacuolated  protoplasm.  These  large  cells 
quite  completely  fill  the  sinus.  When  the  subscapular  space  exhibits  this 
condition,  and  it  is  present  in  glands  that  are  regarded  as  scarcely  en- 
larged, similar  cells  are  to  be  found  about  the  main  trabeculse  in  the  interior 
(medullH)  of  the  gland.  That  they  are  the  cells  that  later  show  marked  pha- 
gocytic properties  for  red  blood  corpuscles  is  certain.  In  this  early  stage  the 
lymph  nodes  and  cords  are  little  affected.  There  may  be  some  increase  in 
the  lymphoid  cells  about  the  larger  veins,  but  no  very  marked  alterations 
have,  as  yet,  taken  place.  There  is  complete  absence  of  necrosis.  Through- 
out the  gland  fine  strands  of  fibrin  can  be  seen,  indicating  doubtless  an 
inflammatory  (?)  edema.  The  bloodvessels  contain  light,  fibrinous,  possibly 
agonal  or  postmortem  thrombi.  At  a  later  stage,  when  the  glands  are  defi- 
nitely although  not  greatly  enlarged,  the  changes  are  more  diffuse  and 
more  profound.  All  the  sinuses  are  much  enlarged  ;  the  cellular  prolifera- 
tion within  them  is  also  a  marked  feature,  and  the  new  cells  are  highly 
phagocytic  exclusively  for  red  blood-corpuscles.  These  cells  cannot  be  dis- 
tinguished from  the  red  blood- corpuscles  carrying  cells  of  the  spleen  in 
typhoid  fever.  The  lymphoid  cells  proper  are  also  increased,  beside  which 
the  centers  of  the  lymph  nodes  and  cords  show  a  great  increase  in  swollen 
and  pale  cells,  their  centers  being  converted  into  pale  areas  composed  of  cells 
of  the  epithelioid  type.  A  small  number  of  nuclear  fragments  also  occur  in 
these  areas  and  chiefly  within  cellular  protoplasm.  The  foci  deflcribed  are 
similar  to  those  found  in  lymph  glands  and  the  spleen  in  other  infectious  or 
toxic  diseases — «.  g.,  diphtheria  and  typhoid  fever. 

The  bloodvessels  in  the  early  stages  of  swelling  contain  an  increased  num- 
ber of  mononuclear  and  polymorphonuclear  white  cells.  As  the  intensity  of 
the  process  grows  their  number  increases.  With  the  progress  of  the  swelling, 
etc.,  the  number  of  vascular  thrombi  increases  and  their  nature  changes. 
They  appear  in  large  vessels  and  contain  many  more  white  cells. 

The  relation  of  plague  bacillus  to  these  buboes  is  perhaps  variable.  What 
I  should  take  to  be  the  normal  is  a  small  growth,  especially  in  the  blood  and 
lymph  vessels,  the  bacilli  demonstrable  among  the  lymphoid  cells  being  fewer. 
The  bacilli  exist  free  among  blood-corpuscles  and  other  cells.  On  the  other 
hand,  I  have  seen  in  buboes  of  the  second  order  a  growth  of  bacilli  as  great 
as  in  those  of  the  first  order.  What  is,  however,  very  striking  in  these  in- 
stances is  the  absence  of  anything  like  an  adequate  reaction  on  the  part  of 
the  gland ;  and,  moreover,  the  existence  with  as  little  reaction  of  equally 
large  masses  of  characteristic  bacilli  in  the  periglandular  adipose  and  other 
tissues.  I  am,  therefore,  inclined  to  view  this  abundant  growth  either  as 
being  agonal,  or,  what  I  think  even  more  probable,  as  of  postmortem 
development. 

Primary  Buboes  of  the  First  Order.  The  pathologic  changes  in  these  glands 
are  anmistakable.  They  exceed  in  intensity  and  in  extent  those  of  the  pre- 
ceding order.  They,  moreover,  differ  in  kind,  first,  on  account  of  the  occur- 
rence of  hemorrhage,  and,  second,  on  account  of  the  necrosis.  The  two  sets 
of  lesions  can  be  compared  with  difliculty  on  account  of  the  degree  to  which 
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the  Btructure  is  lost  by  necrosis,  etc.,  in  the  glands  now  being  considered. 
Again,  while  the  periglandular  affection  in  the  former  order  was  slighty  the 
outline  of  each  gland  being  defined  by  its  capsule,  in  the  present  one  such 
sharp  limits  are  entirely  missing;  the  periglandular  involTcment  is  as  great 
as  the  glandular  affection,  and  the  necrosis,  hemorrhage,  etc.,  are  as  marked. 
On  account  of  the  nature  of  the  intergtandular  tissue,  the  presence  of  lai^ 
blood  and  lymph  vessels,  nerves,  etc.,  the  histologic  appearances  differ  from 
those  of  the  glands  themselves. 

In  all  the  specimens  of  glands  which  I  have  examined  no  separation  into 
the  medulla  and  cortex  is  possible.  Masses  of  lymphoid  cells  still  remain,  bnt 
they  do  not  compose  typical  structures.  That  they  are  the  relics  of  cortical 
structures  their  position  proves;  but  they  are  not  in  relation  with  a  definite 
systematic  arrangement.  The  medulla  is  even  more  altered  in  that  all  the 
proper  cells  are  necrotic.  Only  fragments  remain  of  the  large,  swollen,  pha- 
gocytic cells,  and  the  intercellular  stroma  stains  poorly  or  not  at  all.  What 
can  be  made  out  clearly  are  granular  material,  containing  remains  of  cell- 
forms,  nuclear  fragments  in  small  numbers,  shadows  of  red  corpuscles,  and 
plugs  of  finely  granular  structures,  filling  spaces  which  suggest  pre-forroed 
vessels,  and  which,  from  the  regularity  of  the  grains,  can  be  recognized  in 
the  hematoxylin  specimens  to  be  bacilli.  This  granular  and  amorphous 
detritus  is  continuous  with  similar  material  in  the  cortex,  only  that  in  the 
latter  situation  small  foci  and  islands  of  lymph  cells  still  persist.  This  same 
regular,  granular  appearance  mentioned  proves  that  many  bacilli  occur 
throughout  this  entire  area.     Hemorrhages  also  exist  in  the  cortical  parts. 

The  bloodvessels  commonly  are  thrombosed.  The  thrombi  consist  of  cells, 
both  mononuclear  and  polymorphonuclear,  and  fibrin.  The  walls  of  the 
smaller  vessels  often  are  hyaline  and  structureless.  Specimens  stained  with 
the  fibrin  stain  show  a  fine  network  about  the  vascular  walls,  occurring  partly 
within  the  lumen,  partly  within  the  wall,  and  partly  beyond  the  perivascalar 
tissues.  Larger  vessels  show,  instead  of  the  fibrinoid  transformation  of  their 
walls,  destructive  and  infiltrated  changes.  The  intimal  and  medial  coats 
contain  an  increase  of  cells  and  many  cell  fragments.  This  infiltrative  con- 
dition is  especially  marked  in  the  middle  coat.  That  many  of  these  cells  are 
polymorphonuclear  blood  cells  is  shown  by  the  bizarre  forms,  etc.,  and  the 
staining  properties. 

The  periglandular  structures  are  extensively  infiltrated  and  usually  show 
necrosis  as  well.  The  infiltration  is  partly  cellular,  partly  fluid,  aloug  with 
which  fibrin  is  perhaps  invariably  present.  The  cells  consist  of  red  cor- 
puscles and  small  elements  with  single,  deeply -staining,  much  fragmeDted, 
or  polyform  nuclei.  The  edema  and  fibrin  are  found  chiefly  in  the  coarse, 
fibrous  septa  of  the  adipose  tissue;  the  cells  occupy  the  meshes  of  the  fnt 
cells.  The  necrosis  may  be  microscopic  in  extent,  affecting  a  small  namber 
of  cells,  or  large  areas  may  be  without  definite  structure  and  present  agranu- 
lar appearance.  The  bloodvessels  are  frequently  thrombosed,  and  their  walls 
inflamed  (as  above). 

The  nerves  are  involved  in  the  exudation.     The  cellular  infiltration  is 
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found  only  in  the  perineurium,  but  thii*  may  be  invaded  to  such  an  extent  as 
to  present  the  appearances  of  a  small-celled  collar  surrounding  the  nerve 
bundles.  The  bloodvessels  within  the  nerves  are  dilated ;  the  nerves  (in 
alcohol  preparation)  appear  swollen,  and  the  cells  of  the  endoneurium  are 
occasionally  fragmented.  Vessels  with  thin  walls,  presumably  lymphatics, 
contain  formless  plugs  in  which  there  are  many  bodies  taken  to  be  bacilli. 

Bacilli  are  abundant  within  the  swollen  glands  and  in  the  periglandular 
tissues.  Sections  stained  in  thionin  show  countless  numbers.  In  no  known 
bacterial  infectious  process,  not  even  in  leprosy,  are  such  large  numbers  of 
bacteria  to  be  found.  They  occur  in  continuous  growth  throughout  the 
glands,  occupying  every  available  space;  they  completely  occlude  many 
bloodvessels,  or,  mixed  with  definite  thrombi,  compose  a  considerable  part 
of  the  plugs.  Moreover,  the  walls  of  the  bloodvessels  contain  masses  of 
bacilli,  having  grown,  it  is  safe  to  conclude,  within  the  vasa  vasorum  and 
the  lymph  spaces.  The  adventitial  coats  of  veins  and  arteries  are  especially 
rich  in  such  growths  of  bacilli.  The  bloodvessels  and  lymph  vessels  of  the 
periglandular  structural  are  also,  to  a  large  extent,  occupied  by  bacilli.  The 
latter  seemed  to  be  plugged  by  these  growths  alone ;  the  former  may  show 
bacterial  masses,  even  when  the  vessel  is  still  open  and  pervious.  Large  areas 
of  finely  granular  detritus  in  the  interstitial  tissue  are  made  up  of  a  massive 
growth  of  bacilli ;  and  the  bacilli  occur  in  the  fluid  exudate.  The  morphology 
of  the  organisms  speaks  unmistakably  for  the  bacillus  pestis. 

The  Tormllar  Infections.  The  buccal  mucous  membrane  forms  one  of  the 
portals  of  entry  into  the  body  of  the  plague  bacilli.  It  is  probable  that  the 
cervical  buboes  arise  from  that  source  of  infection.  Of  all  the  buccal  struc- 
tures the  tonsils  seem  to  be  most  frequently  the  primary  one  attacked  In 
this  fact  we  have  only  another  illustration  of  the  importance  of  incomplete 
epithelial  investment  and  perhaps  of  previous  disease  in  promoting  infection. 
Other  parts  of  the  buccal  cavity  may  become  secondary  points  of  develop- 
ment of  the  bacilli,  an  example  of  which  is  supplied  by  a  case  from  which 
tissue  was  obtained  in  Hong  Kong,  and  which  shows  early  involvement  of 
the  epiglottis. 

The  tonsil  suffers  changes  not  unlike  those  described  in  the  primary  lym- 
phatic bubo  of  the  first  order.  There  is  congestion,  hemorrhage,  necrosis  of 
cells,  and  extensive  growth  of  bacilli.  The  degrees  vary  somewhat,  so  that 
examples  of  lymph  sinus  proliferation  may  be  met  with  along  with  other 
changes  of  greater  severity.  The  cells  of  the  sinuses  are  somewhat  smaller 
than  in  the  lymphatic  buboes ;  some  resemble  Unna's  plasma  cells  closely, 
and  many  are  phagocytic  for  bacilli.  Of  this  there  can  be  no  doubt,  for  the 
protoplasm  of  these  cells  is  packed  with  characteristic  organisms.  The 
bacilli  are  spread  beneath  the  layer  of  stratified  epithelium,  even  elevating 
this  layer  through  the  excessive  growth,  the  epithelium  showing  vacuola- 
tion,  loss  of  nuclei,  etc. 

The  lesion  of  the  mucous  membrane  covering  the  epiglottis  is  more  recent 
than  in  the  tonsil.  It  consists  of  a  marked  infiltration  of  small  cells  with 
single  nuclei,  polymorphonuclear  cells,  and  serum.    The  infiltration  extends 
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to  the  layer  of  mucous  glaods  next  the  cartilage,  which  are  in  part  broken  up 
by  it.  The  chief  growth  of  bacilli  is  near  the  surface,  beneath  the  epithe- 
lium, which  layer,  it  should  be  mentioned,  is  in  part  deficient.  OocMioiul 
masses  of  bacilli  occur  in  the  deeper  layers  and  even  within  the  iamenof 
the  glands.  The  appearances  here  presented  are  not  unlike  thoee  described 
of  the  primary  plague  pustule. 

The  adjacent  glands  suffer  along  with  the  tonsils;  their  enlargement  con- 
stitutes, of  course,  ilie  cervical  bubo.  Two  kinds  of  glands  must,  however, 
be  distinguished  in  this  region— lymphatic  and  hemolymphatic  glands.  The 
former  undergo  the  changes  already  described.  In  addition,  it  should  be 
mentioned  that  even  with  considerable  enlargement  the  alterations  noted  m 
one  gland— the  one  constituting  the  main  bubo— resemble  closely  those  of 
the  glands  of  the  second  order,  except  for  greater  richness  in  bacilli  pesto. 
The  lymph  sinuses  especially  were  affected  ;  the  cells  were  increased  in  num- 
bers, enlarged,  plasma-cell  forms  occurred,  but  phagocytosis  was  for  bacilli 
only.  The  lymph  node  and  cord  cells  were  also  increased,  but  not  degener- 
ated.    Occasional  mitoses  were  met  with  in  larger  (endothelial)  cells. 

The  heimlymph  glands  were  greatly  enlarged  ;  the  network  of  ve^els  enor- 
mously distended;  much  hemorrhage  had  taken  place;  nuclear  fragment 
were  scattered  numerously  throughout  the  tissue;  a  small  number  only o 
cells  with  undegenerated  nuclei  were  still  present;  the  periglandular tissoe 
was  hemorrhagic,  and  micro-organisms — bacilli — were  abundantly  presen 
In  Case  VI.  of  the  San  Francisco  series  the  very  hemorrhagic  glands  de- 
scribed consisted  of  these  structures.  , 

The  Spleen.    As  already  described,  the  spleen  in  the  plague  is  enlarged 
moderately ;  the  consistence  is  somewhat  diminished,  and  the  color  dee. 
than  normal,  but  it  is  not  the  type  of  the  acute  splenic  tumor  of  the  true  septi- 
cemias.   In  making  this  statement  it  is  well  to  emphasize  that  although 
spleen  in  the  autopsies  made  all  contained  bacilli,  often  in  very  large  nu 
bers,  the  cases  themselves  were  examples  of  the  bubonic  and  not  of  the  sep 
cemic  variety,  per  ««,  of  the  disease.     In  a  case  of  pneumonic  plague  whr 
saw  with  Lowson  at  Hong  Kong  the  spleen  was  much  swollen  (three  to  o 
times  the  normal  size),  and  very  soft  and  dark.  , 

It  is  probable  that,  irrespective  of  their  mode  of  origin,  all  fatal  cases 
the  plague  are  septicemic  (bacteriemias).     But  it  is  also  probable  that 
general  invasion  of  the  bacilli  takes  place  late  in  many  bubonic  exanip   . 
and  the  enlargement  of  the  spleen  is,  therefore,  less  marked  a  feature  t  w 
in  the  primary  septicemias,  or  even  the  pneumonic  variety  in  whicndi 
nation  of  the  organisms  occurs  earlier  in  the  course  of  the  disease. 

The  microscopic  changes  vary  in  different  cases,  but  in  degree  oniy, 
as  can  be  determined  by  the  study  of  bubonic  cases.     The  alterations  »u 
the  pulp  chiefly,  next  the  lymph  nodes  (Malpighian  bodies),  and  the" 
bloodvessels  and  stroma. 

The  pulp  is  swollen,  the  swelling  being  the  result  of  cellular  proliferation- 
cellular  infiltration,  and  edema.     The  proliferation  affects  especially^ 
closely  united  with  the  veins  and  surrounding  the  trabecul«.   These  ce 
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have  reticulated  Duclei,  placed  eccentrically,  and  a  fair  allotment  of  proto- 
plasm taking  the  blue  thionin  stain.  The  cells  are  often  polyhedrical  rather 
than  round.  These  cells  have  a  close  affinity  to  Unna's  plasma  cells.  Next 
the  lymphoid  cells  are  increased,  but  to  a  less  extent  than  the  cells  just  de- 
scribed. The  vascular  and  other  (?)  spaces  in  the  pulp  contain  an  increased 
number  of  red  corpuscles.  In  the  same  spaces  occur  large  cells  of  two  kinds. 
One  is  a  giant  cell  with  single,  lightly  staining,  reticulated  nucleus  and  a 
moderate  amount  of  protoplasm,  and  resembling  the  large,  mononuclear, 
narrow  cell  with  which  it  is  probably  identical ;  it  is  not  phagocytic.  The 
other  is  a  much  larger  cell,  three  to  four  times  as  large  as  the  narrow  cell, 
and  is  highly  phagocytic.  These  macrophages  englobe  white  cells— both 
mononuclear  and  polymorphonuclear — but  rarely  red  corpuscles.  They  occur 
at  times  within  the  larger  veins,  especially  such  as  exhibit  the  subintimal 
cellular  proliferation  to  be  described.  The  polymorphonuclear  cells  in  the 
palp  exhibit  great  variation  in  form,  and  many  would  seem  to  have  been  in 
a  state  of  active  migration  when  the  tissue  was  fixed.  They  show  great 
variety  of  form,  such  as  is  seen  in  actively  motile  cells,  and  they  would  seem 
to  be  moving  in  numbers  through  the  pulp.  Fibrin,  in  the  form  of  balls  and 
fine  strands,  is  found  among  the  pulp  cells  and  in  the  fluid,  and  many  bacilli 
are  present. 

The  Malpighian  bodies  are  increased  in  size,  the  increase  being  due  to  the 
multiplication  of  the  lymphoid  ceils,  and,  to  a  smaller  extent,  of  epithelioid 
cells.  The  latter  do  not  occupy  the  centers  of  the  nodes,  but  are  few  in 
number  and  placed  peripherally.  Their  nuclei  are  large  and  vesicular; 
rarely  a  cell  contains  two  nuclei.  Degeneration  of  cells  is  uncommon,  very 
few  fragmented  ones  being  visible.  Rarely  small  islands  of  fibrin  are  present 
in  the  nodules.  ' 

The  bloodvessels  show  two  kinds  of  change.  The  arteries,  chiefly  those  of 
the  Malpighian  bodies,  have  hyaline  walls;  the  veins  of  all  sizes  frequently 
show  subintimal  cellular  proliferation.  The  cells  in  the  intima  are  mononu- 
clear and  more  rarely  polymorphonuclear  elements  that  form  a  continuous 
although  not  uniform  investment,  or  appear  as  isolated  projections  into  the 
lumen  of  the  vessel.  Above  these  cells  the  displaced  endothelial  cells  can 
usually  be  detected.^ 

Bacilli  are  very  numerous,  especially  in  the  pulp,  where  they  grow  diff'usely 
and  would  seem  to  attach  themselves  to  the  reticulum  and  grow  in  irregular 
masses  into  the  venous  sinuses.  They  are  rarely  within  cells.  Their  mor- 
phology is  unmistakably  that  of  B.  pesli?.  They  also  completely  occlude 
small  bloodvessels,  and.  within  the  trabeculae  spaces,  probably  lymphatics. 
In  that  the  richest  growths  are  often  unassociated  with  reactions,  it  is  highly 
probable  that  they  may  have  taken  place  postmortem. 

So  few  specimens  of  the  remaining  organs  could  be  collected  that  no  de- 
scription of  them  will  be  attempted. 

1  This  process  Is  Identical  with  that  described  by  Uektoen  in  tubercular  meningitis ;  Council- 
man in  epidemic  cerebrospinal  meningitis  ;  Pearce  in  the  spleen  in  scarlet  fever,  and  Flexner 
in  the  lung  in  experimental  leptothrix  flliformlc  pneumonia  in  the  rabbit. 
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The  Experimental  Disease — Morbid  Anatomy,  As  stated  at  the  outset,  the 
animal  used  for  experiment  was  the  guinea-pig.  The  inoculated  material 
consisted  of  bits  of  spleen  and  lymph  gland  and  cultures  upon  agar  fh>m 
those  sources.  The  place  of  inoculation  was  the  subcutaneous  tissue  of  the 
lateral  abdominal  wall,  nearer  the  inguinal  than  the  axillary  region. 

The  inoculated  animals'  can  be  separated  into  two  groups,  depending  upon 
the  results  of  the  inoculation.  These  results  in  turn  depended  upon  the 
virulence  of  the  material — tissue  or  culture — inoculated,  upon  which  also 
depended  the  duration  of  life  following  inoculation. 

7)^es  of  Infection,  The  animals  inoculated  early  in  the  course  of  the  in- 
vestigations in  San  Francisco  died  at  periods  varying  from  forty  hoars  to 
eight  days.  Those  inoculated  later,  and  one  or  two  inoculated  with  cultures 
early  in  the  studies,  but  which  had  not  succumbed,  were  etherized  &t  the 
close  of  the  work  and  subjected  to  postmortem  examination.  According  to 
the  period  of  survival  and  virulence  of  the  inoculated  material,  the  appear- 
ances observed  denoted  (a)  bacteriemia  without  microscopic  localization  in 
the  organs,  and  (b)  focal,  nodular  localization  in  the  internal  organs.  In  all 
cases  marked  local  lesions  at  the  site  of  inoculation  and  in  the  adjoining 
tissues  occurred. 

Local  Lesions.  At  the  point  of  inoculation  the  tissues — skin,  subcutaneum 
and  sometimes  muscles — were  infiltrated  with  pus  cells  and  presented  a  yel- 
lowish focus  of  necrosis.  From  this  area  as  a  center  the  subcutaneous  tissue, 
sometimcM  of  one  side,  but  frequently  of  both  sides,  was  occupied  by  gelatin- 
OUH,  hemorrhagic  infiltration. 

The  lymphatic  glands  of  the  inguinal  and  axillary  regions,  even  in  the 
acute  cases,  were  distinctly  enlarged.  In  those  animals  which  died  afters 
longer  period,  or  were  killed  from  six  to  seven  days  after  inoculation, 
the  regional  lymphatic  glands  were  much  enlarged,  hemorrhagic,  and 
even  necrotic.  The  inguinal  glands  were,  as  a  rule,  more  swollen  than  the 
axillary. 

The  Spleen  and  Liver.  In  the  instances  of  rapid  death  (bacteriemia)  the 
spleen  was  moderately  enlarged,  its  color  was  deepened,  its  consistence  de- 
creased, but  no  focal  lesions  were  visible  to  the  naked  eye.  In  this  class  of 
cases  the  other  organs  failed  to  show  focal  lesions.  The  lungs  appeared 
mottled  only,  and  a  few  small  necroses  existed  in  the  liver ;  numbers  of  badlli 
were  contained  in  all  the  viscera  and  in  the  heart's  blood. 

The  focal  lesions  in  the  spleen  consist  of  grayish -white  nodules,  larger  than 
a  millet-seed  in  size,  covering  the  surface  (within  the  capsule),  and  occupying 
the  substance  of  the  organ.  When  the  nodules  are  numerous,  as— e.  g.,  in 
animals  succumbing  from  the  sixth  to  the  eighth  day.  or  after  etherization 
at  that  period,  when  there  has  been  a  marked  local  reaction— the  spleen  is 
greatly  enlarged,  perhaps  five  to  six  times  its  normal  size,  and  its  color  is 
pale.   The  main  mass  is  composed  of  the  nodules  now  almost  or  actually  con- 

»  See  Report  of  the  Commlsrion,  p.  17  et  aeq. 
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fluent  which,  having  penetrated  the  peritoneal  capsule,  are  covered  on  the 
surface  with  a  fibrinous  exadation. 

The  liver  invariably  shows  lesions  when  death  has  been  delayed  a  few 
days.  The  common  ones  are  focal  necroses  of  varying  size.  These  are  yellow 
in  color,  and  in  size  ranged  from  that  of  a  pin's  point  to  linear  and  wedge- 
shaped  areas  three  to  four  millimeters  in  length.  Only  rarely  did  whitish 
nodules  similar  to  but  smaller  than  those  noted  in  the  spleen  occur. 

The  Lungs,  They  present  a  variety  of  appearances,  only  one  of  which  was 
characteristic.  Sometimes  they  showed  no  gross  lesions;  not  uncommonly 
they  are  mottled  and  contain  small  ecchymoses  beneath  the  pleura ;  rarely 
they  contain  scattered  whitish  nodules  resembling  those  of  the  spleen,  except 
that  they  are  smaller  and  tend  to  be  surrounded  by  a  zone  of  recent  hemor- 
rhage.    No  effusion  into  the  pleura  was  noted. 

Subserous  ffemorrhages^  These  are  common,  especially  in  the  peritoneum, 
where  they  occur  beneath  and  within  the  serosa  of  the  large  intestines ;  and 
in  the  pleura  covering  the  lungs.  They  are  usually  small  in  size,  although 
at  times,  through  confluence,  they  reach  larger  dimensions.  However,  con- 
siderable exudations  or  effusions  into  the  serous  cavities  did  not  arise  from 
this  source. 

The  other  organs,  except  the  adrenal  glands,  showed  no  special  changes  to 
the  naked  eye.  The  adrenaU  were  uniformly  congested,  and  often  very  dark 
in  color. 

The  central  nervous  system  was  not  examined. 

Histologic  Examinati/m} — Local  Lesions.  This  embraces  (1)  the  site  of 
inoculation,  and  (2)  the  adjacent  lymphatic  glands.  1.  Upon  microscopic 
examination  it  is  found  that  the  abdominal  muscles  are  involved  in  the  local 
infection.  The  lesion  consists  of  necrosis,  extensive  infiltration,  and  prolif- 
eration of  the  local  tissues.  The  infiltration  exceeds  the  necrosis,  but  the 
proliferative  changes  are  considerable.  The  necrotic  tissue  is  infiltrated  with 
cells  containing  polyform  and  fragmented  nuclei,  many  staining  very  poorly. 
Among  these  a  fair  number  of  cells  with  single  vesicular  nuclei  are  also  found, 
they  probably  arising  from  the  fixed  tissues.  The  cellular  and  necrotic 
mass  is  surrounded  by  voluntary  muscle,  fibrous,  and  adipose  tissue.  Re- 
mains of  these  several  tissues  may  also  be  found  in  the  phlegmon,  especially 
fragments  of  muscle;  but  the  adjacent  muscle  fibres  are  swollen,  sometimes 
fragmented,  and  if  the  phlegmon  is  large  much  compressed  and  elongated. 
But  the  main  change  is  found  in  connection  with  the  sarcolemma,  which  is 
in  active  proliferation,  separating  widely  the  remaining  fibers  in  the  older 
specimens,  and  giving  rise  to  a  marked  interstitial  myositis.  The  adipose 
and  connective  tissues  are  also  in  active  proliferation.  Newly-formed  blood- 
vessels are  numerous,  and  the  phlegmon  is  enclosed  by  the  new  tissue. 

Notwithstanding  the  evidences  of  healing  and  the  marked  reaction,  the 

I  The  histology  of  experimental  plague  lesions  has  received  relatively  little  attention.  The 
main  description,  with  the  facts  of  which  the  above  is  in  considerable  agreement,  is  given  by 
Babes  and  LevadiU,  in  Virchow's  Archiv,  Bd.  cl.,  1897,  p.  348. 
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number  of  bacilli  present  is  very  great.  They  appear  in  large  clumps  and 
in  the  form  of  a  diffuse  growth,  not  only  in  the  phlegmon,  but  also  in  the 
adjacent  newly-formed  tissue,  and  are  largely  without  cells. 

2.  The  lymphatic  glands  show  degrees  of  swelling,  etc.,  in  part  according 
to  their  positions,  and  depending  upon  their  mode  of  infection.  Division 
into  primary  buboes  of  the  first  and  second  order  is  also  justifiable  in  animaU. 
The  main  lesions  consist  of  hyperemia,  cellular  proliferation,  exudation,  and 
bacterial  growth.  The  cellular  proliferation  and  bacterial  development  pre- 
dominate. The  former  is  met  with  in  the  medulla  and  the  cortex,  and 
affects  lymphoid  cells  (in  the  cortex  especially),  and  a  larger  cell  with  eccen- 
tric nucleus  and  more  abundant,  deeply-staining  protoplasm  (chiefly  in  the 
medulla).  The  larger  glands  (primary  buboes  of  first  order)  show  much 
necrosis,  the  cells  being  extensively  fragmented.  In  these,  moreover,  fibrin 
is  present,  both  as  fine  fibrils  throughout  the  gland  and  in  the  form  of  more 
compact  masses  within  the  vessels.  As  many  of  the  plugged  vessels  are  in 
the  medulla,  occupy  the  position  of  the  lymph  sinuses,  and  are  devoid  of  red 
corpuscles,  they  are  taken  to  be  lymphatic  vessels. 

The  periglandular  tissues  are  invaded  also.  Infiltrations,  exudations,  and 
necroses  are  met  with  in  the  cellular  and  adipose  tissue ;  bacteria  are  also 
numerous.  The  bacilli  in  the  main  buboes  are  as  numerous  as  in  cases  of 
human  infection,  and  have  much  the  same  distribution.  An  exception  is 
found  in  the  less  conspicuous  involvement  of  bloodvessels  in  the  experi- 
mental buboes. 

The  Spleen,  There  is  little  similarity  in  this  organ  in  the  human  and 
experimental  disease.  The  sole  difiuse  change  in  the  latter  is  congestion, 
which  is  often  so  marked  a  feature  as  to  cause  wide  dilatation  and  make 
very  conspicuous  the  blood  sinuses  of  the  pulp.  The  white  cells  also  are 
increased,  and  especially  a  large  mononuclear  cell.  The  Malpighian  bodies 
are  but  little  altered.  Unless  there  have  been  nodular  formulation  in  the 
spleen  little  else  is  found  except  bacilli,  which  may  be  abundant,  especially 
in  the  pulp. 

The  localized  nodules  are  what  constitute  the  characteristic  lesion.  Thej 
consist  of  a  central  body  of  bacilli  about  which  are  grouped  cells  and  remains 
of  cells,  forming  collections  as  large  as  or  larger  than  the  Malpighian  bodies. 
The  bacilli  may  form  a  central  mass  with  radii  projecting  from  the  periphery, 
or  the  development  may  have  taken  place  from  several  centers,  the  latter 
being  united  by  intervening  strands.  The  cells  surrounding  the  bacilli  are 
in  part  mononuclear  elements,  having  vesicular  nuclei ;  but  in  the  main  they 
are  polymorphonuclear,  fragmented,  and  degenerated  cells.  In  one  speci- 
men, areas  composed  only  of  mononuclear  cells,  but  with  slight  bacterial 
development  only,  were  observed.  Fibrin  is  present  about  the  areas,  within 
the  vessels,  and  in  the  tissues.  The  quantity  of  fibrin  varies  in  the  different 
specimens. 

From  the  position  of  the  bacilli  it  would  appear  that  they  developed  in 
bloodvessels,  which  finally  became  occluded.  Following  this  cellular  pro- 
liferation doubtless  took  place,  although  previous  degeneration  of  splenic 
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tissue  may  have  occurred.  The  degeneration  of  the  new  cells  seems  to  have 
provoked  a  rich  emigration  of  leukocytes  toward  the  areas  of  bacterial  devel- 
opment. The  bacteria  are  free,  without  cells.  In  addition  to  the  masses 
(emboli?)  of  bacilli  a  general  diffuse  growth  of  organisms  is  also  present  in 
the  splenic  tissue. 

The  Liver.  The  focal  lesions  of  this  organ  consist,  beside  rare  hemor- 
rhages, of  necroses  and  nodular  formations  not  unlike  those  found  in  the 
spleen.  Of  the  hemorrhages,  which  do  not  reach  a  large  size,  it  is  unneces- 
sary to  speak  further ;  the  necroses  are,  however,  important.  The  latter  are 
separable  into  two  groups:  those  attended  and  those  unattended  by  prolifer- 
ative phenomena.  Together  they  constitute  the  necroses  described  as  visible 
on  the  surface  of  the  organ  as  dots  and  lines.  Similar  ones  may  be  present 
also  in  the  depth,  and  in  both  the  liver  cells  are  found  in  various  stages  of 
hyaline  or  coagulative  necrosis.  The  protoplasm  is  highly  refractive,  shows 
an  increased  affinity  for  eosin,  the  nuclei  of  the  cells  may  be  absent,  in  a  state 
of  py  knosis,  or  fragmented.  Remains  of  previous  vacuolization  or  fatty  change 
may  be  discovered  in  the  dead  liver  cells.  A  small  number  of  leucocytes  may 
occupy  the  capillaries  between  the  cells.  Bacilli  are  sometimes  demonstrable 
in  the  sections  among  the  hyaline  cells,  sometimes  not.  They  doubtless  are 
always  present,  but  not  clearly  stainable.    Thrombi  are  usually  absent. 

A  more  characteristic  lesion  is  found  in  the  nodules  with  which  necroses 
of  liver  cells  are  usually  associated.  The  nodules  vary  in  number,  position, 
and  size  in  different  specimens.  In  some  instances  they  were  entirely  absent, 
although  the  simple  necroses  existed.  They  are  associated,  perhaps  invaria- 
bly, with  considerable  growths  of  bacilli,  forming  zooglea  masses,  which 
occupy  the  centers  of  the  nodules.  About  these  there  is  a  rich  cellular 
accumulation,  which  I  take  from  the  study  of  many  sections  to  arise  as  fol- 
lows: The  bacilli  having  localized  within  the  liver,  a  multiplication  of  the 
endothelial  cells  of  the  neighboring  capillaries  takes  place.  As  these  cells — 
presenting  epithelioid  appearances — increase  the  adjacent  liver  cells  also 
begin  to  show  alterations,  among  which  are  swelling  and  vacuolization  of 
protoplasm,  multiplication  of  nuclei,  compression  of  protoplasm,  and  hya- 
line degeneration.  A  little  later  stage  exhibits  the  disappearance  of  many 
of  the  liver  cells,  their  place  having  been  occupied  by  the  epithelioid  cells, 
so  that  the  new  formations  at  this  time  look  not  unlike  miliary  tubercles. 
One  difference  is,  of  course,  immediately  noticeable,  the  bacilli  being  numer- 
ous and  easily  demonstrable.  Another  difference  is  found  in  the  tendency 
of  the  node  to  enlarge  by  exciting  the  adjacent  structures  to  similar  prolifer- 
ative activity.  Finally  the  large  size  of  the  nodules  and  the  extent  and 
irregular  distribution  of  the  liver  necroses  constitute  marked  differences  from 
the  appearances  seen  in  tuberculosis.  Moreover,  there  is  no  caseation  in  the 
nodules,  or  any  process  to  be  confounded  with  it,  although  disintegration  by 
fragmentation  of  cells  commences  very  soon.  About  this  time  polyform 
cells,  probably  polymorphonuclear  leukocytes,  make  their  appearance  and 
mingle  with  the  other  cells.  In  the  oldest  nodules  nothing  remains  of  un- 
altered or  only  slightly  changed  liver  cells  in  the  centers  of  the  formation. 
Am  Phys  82 
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The  nodules  may  occur  anywhere  within  the  liver  lobule  and  in  the  inter- 
lobular tissues.  Thrombi,  hyaline  and  fibrinous,  may  be  present  in  the 
adjacent  veins  and  capillaries.  The  cellular  proliferation  and  infiltradon, 
instead  of  giving  rise  to  a  definite  node,  may  extend  in  a  linear  direction 
along  the  walls  of  bloodvessels  or  bile  vessels.  In  the  former  the  endothelial 
lining  of  the  vessels  tends  to  increase.  In  one  specimen  a  considerable  linear 
envelopment  was  noticed  along  one  side  of  a  medium-sized  branch  of  the 
hepatic  vein. 

The  effects  of  the  presence  of  the  bacillus  pestis  in  the  liver  of  guinea-pigs 
is  to  cause  general  and  local  degeneration,  and,  by  their  occurrence  iu  large 
numbers,  to  excite  circumscribed  proliferation  of  the  endothelial  cells  and 
perhaps,  although  only  to  degenerate  quickly,  the  liver  cells.  The  lesion 
which  results  from  the  latter  process  is  the  characteristic  plague  lesion  in 
the  liver,  and  corresponds  more  or  less  accurately  with  the  focal  lesions  in 
the  spleen.  It  is  the  result  of  the  direct  action  of  the  bacilli  or  their  noeta- 
bolic  products  in  situ.  The  more  remote  effects  of  the  bacilli  are  degenerative 
only. 

The  Lungs,  Subpleural  and  intrapulmonary  ecchymoses  are  not  uncommon. 
The  characteristic  lesion  is,  however,  focal  and  nodular.  In  number,  size, 
and  distribution  these  nodules  are  subject  to  great  variation.  They  may  be 
absent  altogether,  very  few  may  be  present,  or  every  section  of  the  lungs 
may  contain  a  dozen  or  more.  They  may  be  near  or  within  the  pleura,  in 
the  substance  of  the  lungs,  or  adjacent  to  bronchi.  In  size  they  vary  from 
the  area  of  two  or  three  to  areas  of  twelve  or  more  pulmonary  alveoli.  Bacilli 
in  masses  are  always  present.  They  are  within  the  alveolar  spaces  and  in 
the  pulmonary  capillaries.  About  these  are  cells,  the  major  being  within 
the  alveoli,  and  consisting  of  or  resembling  the  alveolar  epithelium.  Cells 
with  poly  form  nuclei  and  cell  fragments  are  intermingled.  The  stroma  is 
also  infiltrated  with  similar  cells.  The  larger  the  nodules  the  more  irr^alar 
in  form  the  cells,  and  the  greater  the  number  of  fragments.  Beside  the 
bacilli  within  the  nodules  a  growth  may  also  have  taken  place  in  the  pul- 
monary capillaries,  about  which  there  may  have  been  no  considerable 
cellular  accumulation. 

The  adrenal  gland  shows  extensive  hemorrhage,  marked  especially  within 
the  medulla,  the  structure  of  which  is  greatly  disturbed.  The  cortex,  on  the 
other  hand,  exhibits  an  extensive  growth  of  bacilli,  which  occur  between  and 
surround  the  cortical  cells  and  occupy  spaces  beneath  the  capsule  of  the 
gland.    Isolated  masses  of  bacilli  are  also  present  in  the  medulla. 

The  present  epidemic  of  plague  in  China  and  India  has  been  note- 
worthy, first,  because  of  the  discovery  of  the  specific  cause,  and, 
second,  as  permitting  accurate  studies  of  the  varieties,  modes  of 
infection,  prophylaxis  and  specific  treatment  of  the  disease.  A  host 
of  contributions  to  our  knowledge  of  the  plague  have  been  made  by 
private  individuals  and  Commissions  sent  to  the  East  by  Japan  and 
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several  European  countries.  Brief  reference  will  be  made  in  this 
place  to  the  pathology  of  the  disease,  as  described  in  some  of  the 
published  reports^  in  order  that  comparison  may  be  made  with  the 
San  Francisco  epidemic,  which  supplied  the  chief  materials  for  the 
present  paper. 

According  to  the  German  Commission/  the  pest  bacilli  find  their 
way  into  the  body  either  through  wounds  of  the  skin  or  by  way  of 
the  lungs.  The  first  mode  of  infection  gives  rise  to  the  great  majority 
of  the  cases.  It  is  presumed  that  minute  lesions — scratch  wounds,  etc. 
—open  the  way.  No  unmistakable  example  of  intestinal  infection  was 
observed,  while,  on  the  other  hand,  instances  of  infection  starting 
from  the  tonsil  or  other  parts  of  the  buccal  mucous  membrane  were 
encountered.  In  a  considerable  proportion  of  cases  pustules  or  car- 
buncles of  the  skin,  representing  the  primary  points  of  entrance,  from 
which  the  regional  lymph  glands  became  aifected  with  bacilli,  were 
noted,  and  between  the  two  stations  distinct  lymphangitis  is  said  to 
have  occurred.  Bubonic  plague  may  eventuate  in  absorption,  in  sup- 
puration, or  it  may  be  associated  with  severe  symptoms,  denoting 
spread  of  the  infection  or  a  general  intoxication  of  the  organism. 
The  hemorrhages  which  are  present  in  various  parts  are  due  to  in- 
toxication, in  support  of  which  conclusion  an  instance  of  the  exam- 
ination of  a  fetus  expelled  on  the  third  day  of  the  disease  is  cited.  In 
it  typical  hemorrhages  were  present,  but  no  bacilli  whatever  could  be 
demonstrated  in  cultures,  etc.  Bacilli  were  not,  moreover,  obtainable 
from  petechial  blood.  The  commission  also  recognized  a  severe  form 
of  the  plague — the  pest  septicemia — and  in  addition  a  primary  plague 
pneumonia  that  may  be  mistaken  for  croupous  pneumonia. 

The  report  of  the  Austrian  Commission^  differs  in  some  respects  from 
the  German,  and  it  is  important  as  containing  extensive  descriptions  of 
the  gross  and  microscopic  appearances  of  the  organs  in  the  plague. 

1  Mittheilangen  der  Deutscben  Pest-commlssion  aus  Bombay,  etc.,  Deutscbmed.  Wocbenschr. 
Sonderbellage  zu  No.  17, 1897 ;  Weltere  Mittbeilungen  der  Deutscben  Pest-oommission,  ibid.. 
Nob.  19,  31,  32, 1897 ;  Gaff  ky,  R.  Pfeiffer,  Sticker  und  Dieudonn^ :  Bericbt  aber  die  Tbiitigkeit 
derzur  Erforscbang  der  Pest  in  Jabre  1897  nacb  Indien  enstandten  Commission,  Arbeiten  a. 
d.  Kaiseri.  Gesnndbeltsamte,  Bd.  xvi.,  1899. 

9  Zuaammenfaawnder  Bericbt  fiber  die  Tbiitigkelt  der  von  der  Kaiserlicben  Akademie  der 
Wiflsenscbaften  in  Wien  zum  Studlum  der  Pest  nacb  Bombay  entsendeten  Commission  (Wiener 
kiln.  Wochenscbr.,  No.  20, 1897 ;  MUller,  Albrecbt  und  Obon,  Ueber  die  Bnelenpest  in  Bombay 
in  Jabre  1897.  Qesammtbericbt  der  von  der  Kaiseri.  Akademie  der  Wlssenscbaften  in  Wien 
zum  Studium  der  Bnelenpest  nacb  Indien  entsendeten  Commission.  Tbeil  1  and  2,  A  und  B, 
Wien,  1896-99). 
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The  report  was  based  upon  the  clinical  observation  of  seventy  cases  of 
plague  and  the  bacteriologic  and  pathologic  examination   of  forty- 
seven  cases.   The  chief  form  of  plague  is  denominated  by  them  "  sep- 
ticemic hemorrhagic/'     It  is  characterized  by  a  primary  hemorrhagic 
bubo  located  most  frequently  in  the  inguinal,  axillary,  and  cervical 
regions,  about  which  there  occurs  a  hemorrhagic  edema,  and  at  a 
greater  distance  hemorrhages  into  the  organs.    The  spleen  is  swollen, 
the  general  lymph  glands   are   enlarged,  and   the  parenchymatoas 
organs  show  degenerative  changes.     The  primary  bubo  may  be  en- 
tirely wanting,  the  swelling  of  the  lymph  glands  may  be  inconspicn- 
ous,  and  the  hemorrhage  may  be  the  only  pronounced  sign.   A  second 
form  of  the  pest  is  the  septicopyemic.     In  it  embolic  foci  are  present 
in  the  lungs,  liver,  and  kidneys.     A  third  form  is  the  primary  pest 
pneumonia,  which  is  a  confluent  lobular  pneumonic  process,  usually 
unattended  with  noticeable  lymphatic   enlargement.     The   common 
place  of  entry  of  the  bacilli  is  the  skin,  but  only  exceptionally  can  the 
precise  point  of  entrance  be  discovered,  the  demonstration  of  the  place 
and  mode  being  found  in  the  location  of  the  primary  bubo.    The 
lymphangitis  in  the  neighborhood  of  the  buboes  as  well  as  the  infil- 
tration of  the  periglandular  tissue  are  always  secondary  to  the  glandu- 
lar infection.     A  tonsillar  infection  is  described,  and  the  lungs  are 
admitted  to  act  as  the  portal  of  entry  for  the  bacilli  in  a  small  number 
of  cases.    A  single  instance  of  purulent  meningitis,  due  to  the  bacillus 
pestis,  was  encountered.     Clinically,  there  should   be  distinguished 
only  bubonic  and  pneumonic  forms  of  the  plague.     The  former  is 
much  the  more  frequent.     In  all  but  a  very  small  number  of  cases 
the  primary  morbid  focus  is  found  in  a  lymph  gland  or  a  group  of 
glands  (primary  bubo)  from  which,  through   lymphatic  communica- 
tion, the  adjacent  glands  become  infected.     The  latter  constitute  the 
primary  bubo  of  the  second  order,  in  contradistinction  to  secondary 
buboes,  the  result  of  general  invasion  of  the  body  by  the  bacilli.    The 
invasion  of  the  blood  takes  i)lace  always  from   the  primary  bubo  (or 
lung),  as  a  primary  blood  infection  does  not  exist.    The  primary  bubo 
may  be  so  small  that  it  cannot  be  discovered  clinically,  and  is  found 
anatomically  only  after  careful  and  prolonged  search.    In  foudroy ante 
cases  it  may  fail  altoirether. 

The  primary  bubo  is  distinguished  by  destruction  of  the  lymphatic 
parenchyma,  necroses,  hemorrhages,  and  (in  the  cases  of  mixed  pyo- 
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genie  infections)  sappuration.  A  similar  condition  is  found  in  the 
surrounding  cellular  tissues.  Bacilli  are  present  in  colossal  numbers. 
The  secondary  buboes  show,  on  the  other  hand,  uniform  hyperemia, 
occasional  hemorrhages,  and,  in  the  more  protracted  cases,  medullary 
swelling.  The  primary  buboes  of  the  second  order  approach  one  or 
the  other  of  these  appearances,  depending  upon  their  distance  from 
the  gland  primarily  aifected. 

The  multiple  hemorrhages  are  not  the  results  of  the  action  of  toxins 
elaborated  at  a  distance,  but  are  caused  directly  by  the  bacilli  which 
may  always  be  found  in  the  neighborhood. 

Parenchymatous  and  fatty  degenerations  of  the  heart,  liver,  and 
kidneys  occur  commonly.  Splenic  tumor  is  a  constant  occurrence. 
The  spleen  shows  marked  changes.  The  pulp  is  distended  with 
blood,  and  contains  many  polymorphonuclear  cells.  The  follicles  are 
but  little  altered,  but  the  trabeculae  are  swollen  and  homogeneous. 
In  some  instances  the  endothelial  cells  of  the  pulp  have  proliferated 
and  desquamated.  When  very  great  numbers  of  bacilli  are  present 
miliary  necroses  may  occur  (also  observed  by  Yamagiwa).*  The 
bacilli  may  be  very  abundant  in  the  pulp,  but  are  spare  in  the  fol- 
licles.    They  are  sometimes  contained  within  cells. 

In  the  pyemic  variety  metastatic  foci  are  found  in  the  liver,  lungs, 
kidney,  spleen,  and  musculature.  These  foci,  which  may  reach  a 
hazel-nut  in  size,  resemble  abscesses,  except  that  they  tend  to  be  sur- 
rounded by  a  zone  of  hemorrhage.  In  about  one-third  of  all  the 
cases  of  plague  secondary  pyococcal  infection  has  taken  place. 

The  primary  plague  pneumonia  appears  in  the  form  of  a  lobular 
consolidation,  which,  when  the  foci  are  numerous  and  confluent,  may 
produce  lobar  solidification.  Bronchitis  is  present.  The  bronchial 
lymphatic  glands  present  appearances  of  primary,  the  other  glands  of 
secondary  buboes.  In  addition  to  the  primary  two  other  forms  of 
pest  pneumonia  are  recognized ;  one  metastatic,  which  appears  as 
multiple  and  larger  foci,  seated  beneath  the  pleura;  the  other  an 
aspiration  pneumonia,  from  inspirations  of  infected  material  obtained 
from  buccal  buboes. 

Wyssokowitz  and  Zaboltney,^  who  were  sent  by  the  Russian  Gov- 
ernment to  Bombay,  performed  autopsies  upon  twenty-four  plague 

>  Ueber  die  Babonen-pest,  Vlrcbow's  Archly,  1897,  Bd.  cUz..  supplement. 

*  Recheicbes  sur  la  peste  bubonique,  Annales  de  rimt.  Pastear,  1897,  t.  zi..  No.  8. 
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cadavers.  They  recognized  two  modes  of  infection — ^from  wounds 
and  through  the  lungs.  In  the  former  cases  lymphangitis  was  usually 
missed,  so  that  the  exact  place  of  entrance  could  not  always  be  given; 
on  the  other  hand,  the  territory  of  infection  could  be  determined  by 
consideration  of  the  glands  primarily  involved.  In  their  series  of 
pneumonic  cases  (six)  all  were  examples  of  bronchopneumonia.  In  no 
instance  was  a  gastrointestinal  source  of  the  infection  noted.  While 
the  mesenteric  glands  were  swollen  they  did  not  present  the  appear- 
ances of  primary  buboes. 

Wilm^  examined  a  large  number  of  pest  cadavers  in  Hong  KoDg. 
Especial  attention  is  drawn  to  the  involvement  of  the  gas tro- intestinal 
tract.  The  solitary  and  agminated  intestinal  lymphoid  nodules  were 
generally  swollen  and  hemorrhagic,  and  the  mesenteric  glands  were 
found  swollen,  softened,  and  mottled  with  hemorrhages.  Wilm  claims 
to  have  found  in  20  per  cent,  of  the  cases  without  external  buboes 
that  the  stomach  and  intestines  were  predominatingly  affected.  This 
observation  thus  far  stands  alone  and  in  opposition  to  the  experiences 
of  other  writers. 

The  two  main  types  of  the  plague — the  bubonic  and  pneumonic- 
may  be  considered  as  established  by  the  observations  made  during  the 
present  epidemic.  Additional  confirmation  of  the  studies  in  China 
and  Hong  Kong  has  recently  come  from  Japan^  and  Sydney,  X.  S. 
W.'  Viewed  by  the  light  of  the  experiences  in  other  places  where 
the  plague  has  gained  even  a  temporary  foothold,  the  absence  of  the 
pneumonic  disease  from  San  Francisco  is  the  more  remarkable.  In 
all  places  where  plague  has  secured  a  start  evidences  of  rat  infection 
and  probable  rat  dissemination  have  been  brought  forward.  It  is, 
therefore,  the  more  strange  that  in  San  Francisco,  even  after  a  year's 
prevalence  among  the  Chinese,  no  evidence  of  a  similar  infection  of 
vermin  has  been  obtained.  An  attempt  was  made  by  the  National 
Commission  to  determine  whether  the  rats  in  Chinatown  harbored 
the  plague.  Only  one  dead  rat  was  obtained  for  examination,  and  it 
proved  negative.     This  animal  showed  signs  of  traumatism  about  the 


•  ^'^"^'f  ^«  nmll'^w^*"  P«t^pldemlc  in  Kobe  undX)«k*,  Tbkio.  1900. 
«eport  of  the  Outbreak  of  Pla«ue  at  Sydney,  1900. 
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body,  and  may  have  been  killed  by  a  dog  or  by  other  violence. 
About  one  dozen  rats  were  caught  in  traps  in  the  sewers  in  the  Chi* 
nese  quarters.  They  were  fed  and  kept  under  observation  for  about 
two  weeks,  during  which  time  only  one  died.  Upon  examination  this 
animal  gave  a  negative  anatomic  and  bacteriologic  result.  The  others 
were  killed,  but  not  examined. 

It  is,  therefore,  safe  to  assume  that  no  considerable  if  any  spread 
of  the  plague  due  to  the  rats  in  Chinatown  has  taken  place.  And  it 
seems  not  unjustifiable,  judging  from  the  experiences  of  other  infected 
places,  to  ascribe  the  limited  and  localized  character  of  the  San 
Francisco  outbreak  to  the  present  immunity  of  the  rat  population. 

A  comparison  of  the  natural  disease  in  man  and  the  experimental 
disease  in  guinea-pigs,  as  they  appeared  in  San  Francisco,  with  the 
descriptions  of  the  natural  and  experimental  disease  as  observed  in 
other  places,  will  supply  immediate  conviction  of  the  identity  of  the 
pathologic  processes.  The  gross  lesions  are  characteristic  and  unmis- 
takable. Moreover,  the  main  features  of  the  natural  disease  in  man 
and  the  rat  are  easily  and  constantly  reproducible  by  experimental 
inoculation.  The  histology  of  the  lesions  in  man  and  animals  is  also 
in  considerable  accord.  The  primary  buboes  are  practically  identical ; 
the  necroses  in  the  liver  and  spleen  are  easily  comparable,  and  while, 
however,  the  proliferative  nodules  in  the  spleen,  liver,  and  lungs  in 
guinea-pigs  may  not  have  an  exact  counterpart  in  man,  perhaps  closer 
study  of  the  pyemic  (metastatic)  lesions  in  man  may  show  that  be- 
side necrosis  and  suppuration,  considerable  cellular  proliferation  has 
taken  place.  The  minute  changes  in  parenchymatous,  proliferative, 
and  emigrative  cells — degenerations,  necroses,  etc. — are  indistinguish- 
able in  man  and  animals. 

When,  therefore,  the  pathologic  anatomy,  bacteriology,  and  the 
results  of  experimental  inoculations  are  carefully  considered,  it  is  not 
easy  to  see  by  what  means  a  part  of  the  medical  profession  of  San 
Francisco  was  and  continues  to  be  misled  as  to  the  nature  of  the 
epidemic  disease  prevailing  in  the  Chinese  quarter  of  that  city.  It  is, 
however,  due  to  the  profession  of  San  Francisco  to  state  that  this  small 
number  was  far  outweighed  by  those  physicians  who  were  convinced 
that  the  pest  existed,  and  expressed  themselves  accordingly.  Among 
these  were  the  bacteriologists  and  pathologists  of  the  city  almost 
without  exception. 
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.  In  conclusion,  it  is  a  pleasure  to  acknowledge  the  many  favors  con- 
ferred upon  the  National  Commission  by  the  local  medical  profession 
of  San  Francisco,  and  the  great  assistance  in  the  scientific  pursuit  of 
the  work  rendered  by  Drs.  Williamson,  O'Brien,  and  Kellogg,  of  the 
City  Board  of  Health,  and  Dr.  Wilson,  district  physician. 


THE  BACTERIOLOGY  OF  BUBONIC  PLAGUE. 


By  FREDERICK  G.  NOVY,  Sc.D.,  M.D., 

OF  ANN  ARBOB,  MICH. 


Since  the  studies  of  Yersin  upon  plague,  in  1894,  the  bacteriology 
of  this  disease  has  been  the  subject  of  numerous  exhaustive  investiga- 
tionS;  not  only  by  independent  workers  but  also  by  special  Commis- 
sions which  European  governments,  namely,  Austria,  Germany  and 
Russia^  have  sent  to  India.  As  a  result  the  biologic  properties  of 
the  bacillus  pestis  and  its  efieots  upon  experimental  animals  are  well 
known. 

In  a  remarkably  short  time  the  chief  etiologic  factors  in  bubonic 
plague  have  been  revealed  and  effective  means  have  been  provided  in 
Haffkine's  vaccine  and  Roux-Yersin's  serum  which,  together  with 
careful  isolation  and  thorough  disinfection,  have  rendered  it  possible 
to  check  the  spread  and  even  to  cure  this  disease.  There  are,  how- 
ever^ many  questions  in  the  epidemiology  of  plague  which  still  await 
a  satisfactory  explanation.  It  is  not  the  purpose  of  this  paper  to 
enter  into  the  consideration  of  such  questions,  but  rather  to  present 
the  bacteriologic  studies  made  by  the  United  States  Commission  in 
San  Francisco  together  with  subsequent  experiences  with  the  plague 
bacillus  at  Ann  Arbor. 

Owing  to  the  manifold  clinical  features  presented  by  plague  it  will 
be  readily  seen  that  the  greatest  importance  attaches  to  the  demon- 
stration of  the  presence  of  the  pest  bacillus.  As  is  well  known,  the 
most  common  type  of  the  disease  is  that  in  which  there  are  more  or 
less  marked  enlargements  of  the  lymphatic  glands.  Such  buboes  are 
usually  met  with  in  the  femoral  or  inguinal  regions,  less  frequently 
in  the  axillse  or  in  the  neck.  A  well-marked  bubonic  case  of  plague 
offers  no  difficulty  in  the  way  of  diagnosis.  But  on  the  other  hand  it 
must  be  remembered  that  there  are  cases  of  plague,  septicemic  in 
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character,  where  little  or  no  glandular  enlargement  can  be  detected. 
An  instance  of  this  kind  was  met  with  by  the  Commission  where, 
although  the  patient  (Case  VI.)  was  seen  during  life,  it  was  only 
after  the  bacteriologic  examination  of  the  spleen,  and  more  particu- 
larly the  positive  animal  experiment,  that  it  was  shown  to  be  a  case 
of  plague.  The  pneumonic  type  of  the  disease  was  not  met  with  by 
the  Commission. 

The  detection  of  the  plague  bacillus  during  life  is  possible,  but  at 
times  rather  difficult.  In  the  case  of  a  well-defined  bubo  it  is  feasible 
to  introduce  a  hypodermic  needle,  and  in  this  way  remove  a  few  drops 
of  the  fluid  from  which  cover-glass  preparations  and  cultures  may  be 
made,  and  in  the  experience  of  the  German  Plague  Commission  sach 
procedure  frequently  revealed  the  presence  of  large  numbers  of  plague 
bacilli.  At  San  Francisco  in  one  living  case  the  attempt  was  made 
to  detect  the  plague  bacillus  in  this  way.  The  result  in  that  case  was 
negative  both  culturally  and  microscopically.  The  failure  was  un- 
doubtedly due  to  the  fact  that  the  ne^le  did  not  actually  pierce  the 
small  gland.  In  suppurating,  discharging  buboes  it  frequently 
happens  that  either  the  pus  will  be  perfectly  sterile  or  it  will  contain 
only  streptococci  and  other  pyogenic  organisms. 

In  very  severe  forms  of  plague,  and  of  course  in  the  septicemic 
type,  plague  bacilli  are  present  in  the  blood.  A  few  drops  of  blood 
taken  from  the  finger  or  from  the  ear  lobe  can  be  used  for  an  ex- 
amination. The  number  of  bacilli  in  the  blood  during  life  is  neces- 
sarily small,  and  for  that  reason  their  detection  by  direct  microscopic 
examination  is  very  difficult.  In  the  experience  of  the  German 
Commission  frequently  where  the  cover-glass  preparations  gave  nega- 
tive results  the  cultural  methods  were  successful.  Of  124  cases 
thus  examined  81  gave  negative  results.  It  is  evident,  therefore, 
that  a  mere  examination  of  the  blood  cannot  be  relied  upon  as  a 
means  of  diagnosis.  The  case  already  mentioned,  where  an  attempt 
was  made  to  discover  the  plague  bacilli  in  an  enlarged  gland  two 
days  before  death,  was  also  used  for  a  blood  examination,  but  with 
equally  negative  results.  Only  a  drop  of  blood  was  used  in  this  trial, 
and  it  is  quite  probable  that  if  one  or  two  cubic  centimeters  of  blood 
had  been  drawn  from  a  vein  by  the  aid  of  a  syringe,  and  the  amount 
spread  over  a  series  of  agar  tubes  or  over  agar  plates,  the  result 
might  have  been  otherwise. 


BACTERIOLOGY    OF    BUBONIC    PLAGUE.  507 

While  there  is  more  or  less  uncertainty  in  the  detection  of  pest 
bacilli  intra  vitam  in  the  enlarged  glands  and  in  the  blood  of  plague 
patients,  no  such  diflBculty  is  experienced  in  the  pneumonic  form  of 
the  disease.  The  blood-streaked  sputum  in  such  cases  is,  according 
to  the  experience  of  numerous  observers,  invariably  rich  in  bacilli. 
A  case  of  primary  pneumonic  plague  which  resulted  from  accidental 
laboratory  infection  was  recently  under  my  observation,  and  in  this 
instance  a  microscopic  examination  gave  an  early  and  definite  diag- 
nosis. 

In  the  investigation  at  San  Francisco  the  Commission  was  fortu- 
nate enough  to  meet  with  six  cases  of  plague.  Three  of  these  were 
seen  during  life,  and  the  other  three  were  not  seen  until  after  death. 
In  not  one  of  these  cases  did  the  attending  physician,  whether 
Chinese  or  white,  call  the  attention  of  the  city  Board  of  Health  to  the 
possibility  of  plague  being  present.  Indeed,  this  has  been  the  history 
of  nearly  all  the  known  plague  cases  in  San  Francisco.  It  was  in 
view  of  the  diflBculty  of  obtaining  reliable  reports  from  the  Chinese 
as  to  their  sick,  as  well  as  the  diflSculty  of  making  satisfactory  diag- 
noses of  plague  during  life  or  even  postmortem,  that  led  the  Com- 
mission to  formulate  a  recommendation  which  seemed  to  them  of  the 
very  greatest  importance.  It  was  recommended  that  every  Asiatic 
who  had  fever  should  be  suspected  as  a  case  of  infection  with  plague 
until  the  disease  was  proved  to  be  other  than  plague,  and  every  dead 
body  should  be  treated  as  a  plague  cadaver  until  a  bacteriologic 
examination  had  proved  the  absence  from  the  body  of  the  bacillus 
pestis. 

A  bacteriologic  examination  of  the  enlarged  glands,  if  there  are 
such,  should  be  made.  In  several  of  the  bodies  examined  at  San 
Francisco  the  glands  contained  enormous  numbers  of  pest  bacilli, 
whereas  in  others  they  were  less  abundant.  On  the  other  hand,  the 
spleen  in  five  out  of  six  cases  was  exceedingly  rich  in  plague  bacilli, 
and  in  only  one  case  (Case  VI.)  were  these  present  in  such  small 
numbers  as  to  be  easily  overlooked  in  a  cursory  examination.  Never- 
theless, a  guinea-pig  inoculated  with  this  spleen  died  in  the  usual 
time. 

This  experience  indicates  the  necessity  of  recourse  to  animal  inocu- 
lation whenever  the  microscopic  examination  fails  to  give  a  direct 
and  unequivocal  answer.     In  this  connection  I  may  cite  the  expe- 


rience  of  the  German  Comm isBion,  which  by  means  of  the  animal  ex- 
periment repeatedly  demonstrated  the  presence  of  plague  bacilli, 
although  microscopically  and  culturally  they  could  not  be  detected. 

Streak  preparations  from  the  spleen  or  glands  were  usually  stained 
with  Loeffier'8  methylene  blue  or  with  carbclic  thionin.  Where  care  is 
taken  to  avoid  overheating  the  specimen  while  fixing  little  difficulty  is 
experienced  in  oblaining  the  characteriatic  bipolar  atain.  Inasmuch  as 
methylene  blue  is  likely  to  overstain,  it  should  not  be  allowed  to  act 
for  more  than  a  few  seconds.     A  typical  preparation  from  a  plague 


case  will  show  enormous  numbers  of  pest  bacilli  which  are  invariably 
single.  (See  Figure.)  These  should  be  examined  under  as  high  a  power 
as  possible.  A  1/1-2  oil-immersion  objective  and  No.  4  eyepiece  will 
show  clearly  the  rounded  ends  of  the  short,  thick  bacillus,  and  in 
addition  will  bring  out  definitely  the  bipolar  character.  As  is  well 
known  the  plague  baclllua  is  not  stained  by  Gram's  method. 

The  typical  short,  thick  bacillus  is  the  only  form  met  with  when 
perfectly  fresh  organs  of  man  or  of  animals  are  examined.  When, 
however,  the  autopsy  was  delayed  for  some  hours  after  death,  as  wu 
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not  infrequently  the  case,  a  peculiar  modification  was  to  be  seen.  A 
preparation  made  from  such  material  would  show  beside  the  usual 
bacilli  large,  oval,  or  roundish  bodies,  which  may  be  considered  as 
involution  forms.  These  peculiar  modifications,  as  a  rule,  do  not  stain 
evenly,  but  instead  show  a  light  center  surrounded  more  or  less  com- 
pletely by  a  deeply  stained  ring  or  border.  Because  of  this  peculiarity 
they  have  been  spoken  of  not  inaptly  as  '*  dough-nuts."  These  de- 
generative forms  were  met  with  in  considerable  number  in  several  of 
the  cases  studied  by  the  Commission,  and  were  absent  in  but  one 
instance  (Case  VI.).  It  may  be  stated  incidentally  that  the  German 
Commission  met  with  these  same  degenerations  in  Bombay.  As 
already  indicated  the  *'  dough-nut*'  form  can  be  produced  in  animals, 
provided  these  be  kept  for  twelve  to  twenty-four  hours  in  a  warm 
place.  As  is  well  known  the  plague  bacilli  are  remarkably  prone  to 
develop  roundish,  pear-shaped,  or  yeast-like  involution  forms  on  dry 
and  especially  on  salt  agar. 

The  isolation  of  the  plague  bacillus  from  the  fresh  cadaver  ofiers, 
as  a  rule,  no  special  diflSculty.  It  is  very  important  to  have  a  slightly 
alkaline  medium,  inasmuch  as  even  a  faint  acidity  exerts  a  marked 
inhibitory  effect.  This  fact  is  often  demonstrated  in  the  laboratory 
in  a  most  unwelcome  way,  when  such  media  after  profuse  inoculation 
with  unquestionably  viable  cultures  show  no  sign  of  growth.  Agar 
plates  or  tubes  streaked  with  fresh  tissue  invariably  yield  good 
growths,  provided  that  the  number  of  pest  bacilli  in  such  tissue  is  not 
too  small.  When  only  a  few  organisms  appear  to  be  present  it  is  ad- 
visable to  use  a  larger  amount  of  material  for  inoculation.  As  a 
matter  of  fact,  even  when  the  tissues  are  extremely  rich  in  pest  bacilli, 
the  number  of  colonies  which  develop  on  agar  is  often  considerably 
smaller  than  might  be  expected,  showing  that  many  of  the  organisms 
are  considerably  enfeebled.  This  condition  is  especially  met  with 
when  tissues  are  derived  from  animals  which  have  been  dead  for  many 
hours.  The  involution  forms  which  are  present  in  such  cases  are 
apparently  incapable  of  development  on  artificial  media. 

The  inoculation  of  such  material,  however,  into  a  susceptible 
animal  will  cause  death,  and  from  the  fresh  organs  thus  obtained 
cultures  can  be  readily  secured.  As  will  be  indicated  presently  the 
guinea-pig  can  hardly  be  considered  as  among  the  most  susceptible 
animals. 
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The  cultural  characteristics  are  well  known  and  need  not  be  elabo- 
rated upon  in  this  connection.  They  are,  moreover,  described,  though 
briefly,  in  the  appendix. 

For  the  purpose  of  diagnosis  the  direct  microscopic  examination 
is,  as  a  rule,  sufficient.     When,  however,  the  pest  bacilli  are  very  few, 
or  when  other  organisms  are  present  which  tend  to  mislead  in  the 
identification,  it  is  then  necessary  to  resort  to  animal  inoculation  in 
order  to  arrive  at  a  satisfactory  conclusion.     A  portion  of  the  gland 
or  spleen  should  then  be  introduced  under  the  skin  of  an  animal. 
The  common  rat,  in  the  experience  of  others,  is  by  far  the  most  sus- 
ceptible animal,  and  should  be  used  whenever  possible.     Inasmuch  as 
rats    were    difficult   to   obtain  at   San  Francisco,  the  experimental 
inoculations  were  confined  to  guinea-pigs,  which  usually  died  in  from 
three  to  five  days  after  such  inoculation.     Exceptionally,  a  guinea- 
pig  may  die  in  thirty-six  hours  or  even  less,  and  I  have  repeatedly 
observed  death  to  be  delayed  for  ten  or  twelve  days.     This  is  espe- 
cially true  when  pure  cultures,  rather  than  bits  of  tissue,  are  intro- 
duced into  the  animal.     It  may  indeed  happen  that  pure  cultures, 
recently  isolated  from  man  or  animals  will  fail  to  kill  guinea-pigs. 

The  failure,  at  times,  of  pure  cultures  of  pest  bacilli  to  kill  guinea- 
pigs  indicates  in  the  first  place  the  labile  character  of  the  virulence  of 
these  organisms  when  grown  on  media  which  have  an  even  slightly 
unfavorable  composition  or  reaction.  Moreover,  it  shows  that  the 
guinea-pig  offers  considerable  resistance  to  infection  and  that  the 
survival  of  such  an  experimental  animal  does  not  positively  exclude 
the  presence  of  plague  bacilli.  The  virulence  of  these  organisms  can 
often  be  restored  by  frequent  transplantation  to  fresh,  distinctly  alka- 
line media,  and  especially  by  the  use  of  the  collodium  sac  method. 

The  effects  observed  in  guinea-pigs  varied  somewhat  with  the 
duration  of  the  disease.  Where  death  occurred  in  less  than  two  days 
little  or  no  structural  change  was  observable.  Usually,  as  a  result  of 
subcutaneous  infection,  the  inguinal  or  axillary  glands  were  consider- 
ably enlarged.  Inasmuch  as  the  changes  which  take  place  in  the 
glands,  spleen,  and  other  organs  will  be  treated  by  Dr.  Flexner  it 
will  be  unnecessary  to  describe  these  in  this  connection.  I  may  add, 
however,  that  exceptionally  well-marked  pneumonia  occasionallj, 
though  rarely,  may  be  observed  in  guinea-pigs  following  subcutaneous 
injection.     In  one  instance  recently  observed,  the  pneumonic  process 
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was  associated  with  pericarditis  the  pus  of  which   yielded  a  pure 
culture  of  plague  bacilli. 

The  direct  detection  of  the  plague  bacilli  in  the  tissues  of  the  six 
cases  studied  in  San  Francisco,  the  cultural  properties  of  the  organ- 
isms isolated  from  these  cases,  and  the  successful  animal  inoculations 
demonstrated  the  existence  of  the  plague  in  that  city.     If  any  addi- 
tional proof  as  to  the  nature  of  these  organisms  and  of  the  disease 
existing  there  was  necessary,  it  has  been  recently  furnished  by  the 
accidental  development  of  a  case  of  acute  pneumonic  plague  in  one 
of  the  workers  in  the  hygienic  laboratory  of  the  University  of  Mich- 
igan.    The  young  man  referred  to  had  been  engaged  for  some  months 
in  the  preparation  of  Haffkine's  vaccine  and  Lustig's  serum  for  Parke, 
Davis  &  Co.,  of  Detroit.     A  highly  virulent  California  culture  was 
employed  in  this  work.     In  some  unknown  way,  possibly  through  the 
use  of  a  pipette  or  soiled  finger,  the  organism  was  introduced  into  the 
mouth,  and  a  very  acute  infection  followed.     The  young  man  was 
taken  sick  Wednesday  evening,  April  4th,  and  complained  of  intense 
backache.     The  temperature  rose  in  a  few  hours  to  102^  and  more. 
Toward  morning  he  vomited  twice  a  greenish,  bile-stained  fluid.     At 
noon  that  day  I  learned  for  the  first  time  of  his  illness,  and,  with  Dr. 
Vaughan,  visited  him  in  the  afternoon.     When  seen  his  temperature 
was  102.8° ;   his  eyes  were  bloodshot  and  he  complained  of  severe 
headache,  the  pulse  was  rapid  and  the  pulmonary  distress  was  marked. 
It  was  clearly  a  very  severe  acute  infection,  and,  knowing  the  kind  of 
work  he  was  engaged  in,  it  was  decided  to  give  him  at  once  an  injec- 
tion of  Yersin's   anti-pest   serum.     Twenty  c.c.  of  this  serum  was 
given  at  four  o'clock  that  afternoon.     At  the  same  time  the  tonsils 
and  the  inside  of  his  mouth  were  rubbed  with  swabs,  and  the  material 
thus  obtained  was  planted  on  agar  and  cover-glass  preparations  were 
also  made.     These  showed  a  large  number  of  ordinary  mouth  germs, 
but  nothing  that  could  be  identified  as  plague  bacilli.     The  cultures, 
it  may  be  added,  when  developed  were  likewise  negative,  and  when 
injected  into  a  guinea-pig  had  no  effect.     At  eight  o'clock  in  the 
evening  the  patient  coughed  up  for  the  first  time  a  small  bit  of  blood- 
stained sputum.     This  was  examined  at  once  and  on  staining  showed 
plague  bacilli.     Accordingly  the  patient  was  removed  immediately  to 
the  isolation  hospital  and  his  room  was  locked  up  and  thoroughly 
disinfected  with  formaldehyde. 
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After  arrival  at  the  isolation  hospital,  with  the  knowledge  that  we 
had  to  deal  with  a  case  of  acate  primary  pneumonic  plague  known  to 
be  almost  invariably  fatal,  intravenous  injections  were  decided  upon 
as   offering    the   only   possible   chance   for    recovery.     Accordingly 
twenty  c.c.  were  injected  intravenously  at  about  eleven  o*cIock  that 
night.     The  next  morning,  the  temperature  still  persisting  at  about 
104^,  a  second  intravenous  injection  of  like  amount  was  given.    Even 
this  showed  no  marked  effect,  and  as  the  temperature  reached  105.3^ 
at  one  time  and  the  patient  was  becoming  markedly  apathetic  a  third 
injection  was  made.     This  time  20  c.c.  were  injected  intravenously 
and  40  c.c.  subcutaneously.     All  told  he  received  within  twenty-four 
hours  after  he  was  seen  by  us  120  c.c.   of  serum,  one  half  of  which 
was  injected   intravenously.      Within   a   few   hours    after  the  last 
injection  the  temperature  dropped  to  100°,  and  before  the  end  of  the 
third  day  of  his  illness  it  reached  the  normal.     With  the  exception 
of  an  attack  of  heart  failure  caused  by  his  attempt  to  sit  up  on  the 
fourth  day  and  the  serum  effects,  such  as  swollen  joints  and  hives 
which  developed  a  week  later,  the  patient  made  a  complete  recovery. 
Extreme  cardiac  weakness  was  a  noticeable  symptom  which  persisted 
for  more  than  two  months  after  the  onset  of  the  disease. 

It  should  be  added  that  the  animal  experiment  eventually  con- 
firmed the  original  microscopic  diagnosis.  A  guinea-pig  inoculated 
with  the  sputum  raised  at  the  end  of  the  first  day  (Thursday  evening) 
died  in  four  days  of  typical  plague.  It  is  further  noteworthy  that  a 
second  guinea-pig  inoculated  with  sputum  rich  in  plague  bacilli 
which  was  raised  Saturday  morning  after  the  temperature  had  fallen 
remained  alive. 

Appendix. 

Under  tliis  head  I  have  placed  the  description  of  the  bacteriologic 
work  done  on  the  six  cases  of  plague  which  were  studied  by  the  Com- 
mission.  It  should  be  stated  that  this  matter  forms  part  of  the  report 
of  the  Commission  as  published  in  the  ''Public  Health  Reports"  of 
tho  United  States  Marine  Hospital  Service. 

Case  I.- Chun  Ah  Chou,  814  Washington  Street ;  necropsy  February  oih. 
The  spleen  and  left  femoral  glands  were  examined.  These  organs  were  found 
to  contain  enormous  bodies  of  bacilli  having  the  morphologic  and  tinctori*! 
properties  of  bacillus  pestis;  thus,  the  short,  thick,  oval  rods  gave  a  bipolar 
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stain  with  Loeffler's  methylene  blue  or  with  carbolic  thionin  and  were  de- 
colorized by  Gram's  method.  Their  pathogenicity  was  determined  by  inocu- 
lation of  portions  of  the  spleen  and  of  a  pure  culture  subcutaneously  into 
guinea-pigs. 

Agar  streaks  made  from  the  perfectly  fresh  organs  showed  many  small, 
white,  moist,  isolated  colonies,  having  all  the  appearance  of  those  of  bacillus 
pestis.  This  was  further  confirmed  by  microscopic  examination  of  living 
and  stained  preparations  of  such  cultures.  A  few  rapid-growing  colonies  due 
to  other  forms  of  bacteria  were  present.  Subcultures  were  made  in  glucose, 
gelatin,  bouillon,  agar,  salt  agar,  agar  and  milk.  On  agar  in  Petri  dishes  in 
twenty-four  to  forty-eight  hours  in  the  incubator,  small,  white,  or  grayish, 
moist  colonies  developed.  These  had  finely  granular  centers,  with  a  smooth, 
abarply-defined  border. 

The  stab  culture  in  glucose  gelatin  developed  a  slight  growth  along  the  line 
of  inoculation.  On  the  surface  the  growth  spread  slightly,  was  grayish,  moist 
in  appearance,  and  had  a  slightly  wavy,  raised  border.  No  gas  was  formed. 
In  bouillon,  in  twenty-four  hours,  a  diffuse  cloudiness  was  produced.  The 
sediment  was  very  slight,  scarcely  appreciable.  Subsequently  a  faint  stringy 
deposit  formed.  The  surface  remained  perfectly  clear,  with  a  trace  of  a  ring 
or  collarette. 

The  streak  cultures  on  nutrient  agar  presented  a  moderate  grayish-white, 
moist  growth  which,  when  touched  with  a  platinum  wire,  could  be  drawn 
out  into  strings. 

On  5  per  cent,  salt  agar  the  growth  is  very  slight,  scarcely  visible,  and 
ahows  the  peculiar  roundish  or  pyriform  involution  forms  of  the  pest  bacillus. 
In  milk  the  organism  grows  without  producing  any  visible  change  in  the 
medium. 

The  absence  of  gas  production  and  of  coagulation  of  milk,  together  with 
the  macroscopic  and  microscopic  characteristics,  agreed  fully  with  the  prop- 
erties of  bacillus  pestis. 

Guinea-pig  No.  1.  Was  inoculated  under  the  skin  with  a  portion  of  the 
spleen  from  the  above  case.  It  died  in  thirty-six  to  forty  hours.  Cultures 
on  agar  made  from  the  spleen  and  heart's  blood  gave  almost  pure  growths  of 
the  pest  bacillus.  Direct  examination  of  the  organs  showed  enormous  num- 
bers of  typical  plague  bacilli. 

Ouinea-pig  No,  2.  Was  inoculated  subcutaneously  with  a  pure  culture 
obtained  from  the  gland  of  the  above  case.  The  animal  died  in  three  days. 
Plague  bacilli  were  very  numerous  in  the  spleen  and  inguinal  glands,  and 
were  also  present  in  the  heart's  blood. 

Case  II. — Lum  Hong  Yuen,  28  Ross  Alley ;  necropsy  February  6th.  Smear 
preparations  from  the  spleen  showed  large  numbers  of  short,  thick  rods, 
chiefly  single ;  some  oval  or  roundish  forms  were  also  present.  The  organ- 
isms stained  readily  with  Loeffler's  methylene  blue  or  with  carbolic  thionin. 
In  the  latter  case  the  bipolar  staining  was  excellent.    The  organisms  were 
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completely  decolorized  by  Gram.  Cover-gliiss  preparations  from  the  gliuid 
likewise  showed  very  nameroos  bacilli,  occurring  singly,  taking  the  bipolar 
stain,  but  not  that  of  Gram.  Agar  cultures  were  made  at  the  time  of  the 
necropsy  in  the  undertaker's  shop  of  Main  Fook.  The  cultural  and  morpho- 
logic characteristics  were  the  same  as  those  observed  in  Case  I. 

Guinea- pi(j  No.  3.  Received  subcutaneously  a  portion  of  the  spleen  from 
the  above  case;  died  in  five  and  one-half  days.  On  autopsy  the  spleen  was 
found  markedly  enlarged,  full  of  white  nodules,  which  were  also  present  in 
the  liver  and  in  the  lungs.  Cover-glass  preparations  from  the  spleen  showed 
enormous  numbers  of  bacilli,  having  all  the  characteristics  of  bacillus  pestis- 
Agar  slants  were  inoculated  with  the  heart's  blood  and  spleen  of  this  animal. 
The  former  yielded  a  slightly  contaminated  growth,  but  the  culture  from  the 
latter  was  pure. 

Case  III.— Wong  Chi  Lui,  21 J  Waverly  Place;  autopsy  February  7th. 
Streak  preparations  from  the  spleen  showed  very  numerous  pest  bacilli  ap- 
parently in  pure  culture ;  the  predominating  form  was  the  short,  thick  rod, 
although  some  oval  or  roundish  forms  were  present  Loeffler^s  methylene 
blue  and  carbolic  thionin  stained  the  bacilli  readily,  demonstrating  the  char- 
acteristic bipolar  form.  The  organisms  were  completely  decolorized  by  Gram. 
Similar  preparations  made  from  one  of  the  left  femoral  glands  show  fewer 
organisms;  but  these  in  form,  size,  and  staining  reactions  are  identical  with 
those  found  in  the  spleen.  Cultures  made  on  agar  developed  very  slowly ;  on 
subsequent  transplantation,  however,  the  growth  was  more  rapid,  more  abiin* 
dant,  and  typical  of  that  of  bacillus  pestis. 

Gmnea-pitj  Xo.  4.  Was  inoculated  subcutaneously  with  a  portion  of  the 
gland  from  the  above  case.  Death  resulted  in  three  and  one-half  days. 
Bacilli  were  numerous  in  the  spleen  and  corresponded  in  characteristica  to 
those  of  the  plague  bacilli. 

Guinea-}fi(]  Xo.  5.  Was  inoculated  subcutaneously  with  a  portion  of  the 
spleen.  It  was  found  dead  three  and  one-half  days  later.  Numerous  plague 
bacilli  were  found  in  the  spleen,  heart's  blood,  and  glands.  Agar  streaks 
from  the  heart's  blood  gave  numerous  small  colonies  of  peet  bacilli  with  a 
few  larger  colonies  due  to  foreign  organisms.  The  spleen  gave  numerous 
isolates!  small  moist  colonies,  apparently  a  perfectly  pure  culture  of  the 
plague  bacillus.  Agar-streak  plates  were  made  at  the  same  time,  and  gave 
in  twenty-four  hours  numerous  minute  colonies. 

Guinra-pig  Xo,  G.  A  portion  of  the  spleen  from  this  case  was  introduced 
into  the  peritoneal  cavity.  Death  resulted  in  four  and  one-half  days.  Pert 
bacilli  were  abundant  in  the  internal  organs  and  in  the  glands.  Agar  streaks 
from  the  hearts  blood  gave  a  very  limited  growth,  while  that  from  the  spleen 
was  scarcely  visible.  In  this  and  several  other  insUnces  difficulty  was  ex- 
l>erienced  in  starting  the  growth  of  the  organism  directly  from  the  tissues 
t)nce  started,  however,  with  subsequent  transplantations  better  results  were 
obtained. 
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Ouinea-pig  No,  7.  Was  inoculated  subcutaaeously  with  a  loopful  of  a  pure 
culture  obtained  from  guinea-pig  No.  5.  It  died  in  two  and  one-half  days. 
Necropsy  revealed  a  hemorrhagic  edema,  and  cover-glaas  preparations  of  this 
showed  pest  bacilli  mixed  with  numerous  minute  diplococci  and  streptococci. 
The  spleen  was  large  and  soft,  contained  nodules,  and,  on  staining  cover-slips 
therefrom,  enormous  numbers  of  typical  plague  bacilli,  apparently  perfectly 
pure,  were  found.    No  diplococci  were  present. 

Case  IV. — Tom  Shom,  814  Washington  Street;  necropsy  February  11th. 
During  life  some  fluid  was  aspirated  by  means  of  a  sterile  syringe  from  the 
swelling  in  the  right  femoral  region  and  transferred  to  nutrient  agar.  Blood 
was  also  drawn  from  the  lobe  of  the  ear  and  planted  on  agar.  Stained 
preparations  made  from  these  specimens  failed  to  demonstrate  the  presence 
of  any  organism.  Cultures  developed  pyogenic  cocci,  but  failed  to  give  any 
indication  of  pest  bacilli.  On  necropsy  the  femoral  glands,  though  charac- 
teristic of  plague,  were  found  not  markedly  enlarged.  It  was  evident  that 
the  aspirating  needle,  when  introduced,  had  missed  the  gland  proper,  and 
the  failure  to  isolate  the  pest  bacillus  during  life  in  this  can  thus  be  ex- 
plained. It  should  be  noted  that  the  periglandular  tissue  was  but  very 
slightly  involved.  Streak  preparations  made  from  the  hemorrhagic  gland 
showed  relatively  few  typical  plague  bacilli.  A  long,  thick  bacillus  was 
present  in  small  numbers.  Gram's  stain  was  negative.  Streak  preparations 
from  the  spleen  showed  the  pest  bacillus  to  be  present  in  large  numbers  and 
apparently  pure.  The  organisms  occurred  singly,  gave  the  bipolar  stain,  and 
were  decolorized  by  Gram. 

Chdneorpig  No,  8.  Was  inoculated  subcutaneously  with  a  portion  of  the 
spleen  from  this  case.  Six  and  a  half  days  later,  though  healthy  in  appear- 
ance, it  was  killed.  A  circumscribed  caseous  local  lesion  was  found.  There 
was  a  slight  glandular  enlargement  on  the  same  side.  The  spleen  was 
slightly  enlarged  and  showed  white  nodules.  Pest  bacilli  having  the  short 
rod  and  oval  form  were  present  in  small  numbers. 

Case  V. — Ung  Ah  Buck,  St.  Louis  Alley;  necropsy  February  12th. 
Cover-slip  preparations  from  the  cervical  lymph  glands  showed  the  presence 
of  several  distinct  organisms.  The  short,  thick,  oval  forms  of  the  pest  ba- 
cillus were  present  in  small  numbers.  VVith  them  was  associated  a  large, 
thick  bacillus;  there  were  also  bacilli  present  resembling  the  bacillus  diph- 
therise  and  a  diplococcus  closely  resembling  that  of  Fraenkel.  The  pest 
bacilli  gave  the  usual  bipolar  stain  with  methylene  blue  and  wilh  carbolic 
thionin.  Specimens  stained  by  Gram's  method  showed  deeply  stained 
diplococci,  the  other  forms  being  decolorized.  Smear  preparations  from  the 
spleen  showed  many  organisms  resembling  the  bacillus  pestis  morphologi- 
cally. 

Agar  streaks  from  the  fresh  spleen  gave  a  number  of  discrete  moist  col- 
onies, which  consisted  of  large,  oval,  non-motile  bacilli,  occurring  singly  and 
only  occasionally  in  pairs;  the  streak  cultures  from  the  cervical  gland  also 
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gave  numerous  isolated  colonies.  In  both  cases  the  cultures  obtained  were 
apparently  perfectly  pure  and  agreed  in  every  respect  with  the  plague  bacilli. 
The  other  bacteria  seen  in  cover-slips  did  not  grow.  Agar  plates  yielded  the 
same  results. 

Ouinea-pig  No,  11.  Was  inoculated  subcutaneously  with  a  small  portion 
of  the  spleen  from  the  above  case.  In  about  three  days  the  animal  was  very 
sick,  and  was  finally  killed  five  and  one-half  days  after  inoculation.  Bacilliu 
pestis  was  found  in  the  spleen  and  to  a  less  extent  in  the  blood. 

Case  VI.— Foong  Ah  Fong»  747  Sacramento  Street ;  necropsy  Febnuuy 
12th.  Streak  preparations  from  the  spleen  revealed  the  presence  of  pest 
bacilli,  although  these  were  not  very  abundant ;  indeed,  they  were  difScult 
to  find  in  cover-slips.  Typical  bipolar  staining  rods  and  oval,  roundish  fomia 
were,  however,  found.    Gram's  stain  was  negative. 

Streak  cultures  were  made  with  the  fresh  spleen  on  agar  slants,  and  at  the 
same  time  agar  plates  were  made.  The  agar  streaks  failed  to  give  an  appre- 
ciable growth,  but  on  the  plate  a  colony  waa  found  which  corresponded  to 
that  of  the  plague  bacillus.  On  microscopic  examination  it  was  obserred 
to  consist  of  small,  short,  oval,  non-motile  rods,  which  decolorized  by  Gram. 
The  colony  transplanted  to  agar  gave  a  typical  growth  of  pest  bacilli,  and 
this  culture  was  used  to  inoculate  guinea-pig  No.  10. 

Quinea-pig  No.  9.  Received  a  portion  of  the  spleen  of  Foong  Ah  Fong 
subcutaneously.  It  died  in  four  and  one-half  days.  The  spleen  contained 
enormous  numbers  of  pest  bacilli,  which  stained  in  the  usual  bipolar  man- 
ner and  were  decolorized  by  Gram.  The  heart's  blood  likewise  contained 
the  organism.  Cultures  were  made  on  agar  from  the  spleen  and  heart's 
blood  of  this  animal ;  both  gave  numerous  small,  moist  colonies  of  badllm 
pestis. 

Ouinea-pig  No.  10.  Was  inoculated  subcutaneously  with  the  agar  culture 
mentioned  above.  It  was  killed  two  and  one-half  days  later.  The  spleen 
showed  only  a  few  but  characteristic  pest  bacilli.  Under  the  skin  there  was 
but  slight  local  change,  and  a  few  typical  bacilli  were  found. 

The  bacteriologic  examination  of  the  foregoing  six  cases  has,  there- 
fore, demonstrated  the  presence  of  the  bacillus  pestis  in  each. 
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DISCUSSION. 

Dk.  Stebnbebo  :  I  only  want  to  say  a  word  that  occurs  to  me  at  this 
moment,  and  that  is  that  if  this  thing  had  occurred  thirty  years  ago  we 
would  probably  be  reading  in  the  morning  papers  of  500  deaths  a  day  in 
San  Francisco  and  of  the  spread  of  the  disease  to  other  parts  of  the  country. 
If  we  had  had  to  depend  upon  the  local  physicians,  and  especially  those  of 
thirty  years  ago,  there  is  no  reason  to  believe  that  the  experiences  of  the  past 
century  would  not  have  been  repeated  in  this.  The  prompt  suppression  of 
the  epidemic  is  due  to  the  fact  that  we  have  well-equipped  pathologic  labora- 
tories in  various  parts  of  the  country  and  trained  bacteriologists  who  were 
available  to  determine  the  nature  of  the  prevailing  disease  and  to  give  advice 
as  to  the  best  method  of  restricting  its  progress. 

Dr.  Park  :  A  very  brief  report  of  two  cases  of  plague  may  be  of  some 
interest  You  will  probably  remember  that  a  coffee  ship  recently  entering 
port  at  New  York  was  reported  to  have  plague  aboard.  When  I  visited 
the  ship  and  asked  for  the  sick  persons  the  captain  and  cook  walked  into  the 
cabin.  Both  had  buboes  in  the  groin — one  with  distinct  abscess,  the  other 
simply  enlarged  glands.  The  needle  brought  pus  from  one  and  bloody  fluid 
from  the  other,  and  both  contained  very  few  bacilli.  Both  cases  got  perfectly 
well,  and  it  was  interesting  to  note  the  remarkably  light  form  of  the  disease, 
similar  to  that  referred  to  by  Dr.  Barker. 

I  would  like  to  ask  if  the  serum  is  of  value  in  the  late  cases? 

Dr.  Shattuck  :  I  would  like  to  ask  how  soon  the  bacilli  appear  in  the 
urine,  because  we  know  that  in  typhoid  fever  their  appearance  is  a  late 
manifestation? 

Dr.  Vauohan  :  I  desire  to  compliment  the  readers  of  the  papers  for  the 
most  excellent  resume  of  the  subject  they  have  given  us.  It  may  not  be  out 
of  place  at  this  time  to  say  a  few  words  about  the  initial  symptoms  of  the 
case  we  recently  had  at  Ann  Arbor,  and  of  the  care  taken  to  prevent  the 
spread  of  the  disease.  The  young  man  who  became  inoculated  with  the 
plague  bacillus  is  the  only  student  whom  we  have  ever  allowed  to  work  with 
this  germ.  In  July,  1900,  he  made  a  request  that  he  be  allowed  to  do  some 
work  with  the  plague  bacillus.  He  was  given  a  culture  which  Dr.  Novy  had 
brought  from  the  Pasteur  Institute  some  years  ago,  and  which  had  largely 
lost  its  virulence.  On  Dr.  Novy's  return  from  California  this  young  man 
began  work  with  one  of  the  cultures  which  Dr.  Novy  brought  with  him,  and 
soon  succeeded  in  infecting  himself.    About  nine  o'clock  on  the  evening  of 
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a  certain  day  a  fellow-student  telephoned  me  that  Mr.  Hare  (the  name  of 
the  young  man  who  became  infected)  was  passing  a  renal  calculus.  I  as^ed 
how  he  knew  the  diagnosis  was  correct,  and  he  replied  that  Hare  had  once 
before  passed  a  calculus  and  recognized  the  character  of  the  pain.  On 
further  inquiry  I  learned  that  Hare  had  at  that  time  a  temperature  of  about 
102°.  About  two  o'clock  the  next  morning  Hare's  chum  telephoned  me  that 
Hare's  temperature  had  risen  to  103°.  I  still  did  not  suspect  infection  with 
the  plague  bacillus,  and  asked  that  Dr.  Spitzley  be  requested  to  see  him. 
Dr.  Spitzley  went  to  see  the  young  man  and  made  a  provisional  diagnosis  of 
pleurisy.  The  next  day  I  suggested  to  Dr.  Novy  that  we  should  go  to  see 
Hare.  We  found  him  with  a  temperature  of  104°  and  coughing  up  mucus. 
Dr.  Novy  took  some  of  the  expectoration  to  the  laboratory  and  detected  in  it 
plague  bacillus.  I  immediately  had  the  isolation  ward  near  the  hospital 
buildings  lighted  and  heated,  and  that  night  we  took  Mr.  Hare  and  the 
two  young  men  who  had  been  with  him  to  the  hospital.  We  locked  his 
room  and  took  the  key  with  us.  Later  the  room  was  several  times  thor- 
oughly disinfected  with  formaldehyde  gas.  We  cautioned  the  young  men 
who  remained  with  him  concerning  the  disinfection  of  his  sputum,  which 
was  always  received  in  a  solution  of  mercuric  bichlorid.  With  due  care 
I  do  not  believe  there  is  much  danger  in  acquiring  the  disease  while  attend- 
ing a  patient  suffering  with  this  form  of  bubonic  plague. 

Dr.  Dock  :  It  may  be  of  interest  to  pass  around  the  temperature-chart  of 
this  case  and  to  add  a  few  words  about  the  clinical  signs.  When  first  exam- 
ined the  night  after  he  was  taken  sick  the  patient  had  a  slight  friction  soand 
on  the  right  side,  but  the  next  day  there  were  no  physical  signs  on  that  side. 
There  was  a  marked  dulness  on  the  left  side,  with  a  few  friction  sounds, 
diminished  respiratory  murmur,  and  a  few  piping  rdles.  The  physical  signs 
reminded  one  rather  of  a  case  of  latent  pneumonia  with  more  or  less  dulness, 
but  without  marked  auscultation  signs.  Later  on  the  friction  sounds  reap- 
peared at  intervals  for  a  week  over  various  portions  of  the  left  pleura.  The 
aspect  of  the  patient  was  highly  characteristic — notwithstanding  the  slight 
physical  signs  he  presented  the  appearance  of  severe  illness,  with  a  combina- 
tion of  apathy  and  restlessness  and  frequent  changes  of  position.  The  pulse 
was  dicrotic,  but  it  was  not  very  marked,  probably  because  when  I  first  saw 
him  he  had  already  taken  two  doses  of  serum.  The  spleen  was  not  enlarged 
until  the  third  day,  reaching  two  inches  below  the  ribs,  hard  and  thick,  and 
gave  a  great  deal  of  pain.  The  sputum  was  characterized  by  being  less  sticky 
and  more  bloody  than  that  of  pneumonia,  and  with  enormous  numbers  of 
germs.  The  heart  weakness  was  quite  characteristic  of  plague.  The  patient 
felt  perfectly  well  on  the  sixth  day,  but  I  was  suddenly  called  later  to  see 
him  because  of  difficult  breathing,  with  pain,  such  as  he  had  just  before  the 
spleen  complication  came  on.  I  found  that  he  had  gotten  out  of  bed,  was 
sitting  in  a  chair,  reading,  was  still  delirious,  his  pulse  hardly  perceptible,  the 
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heart  beating  feebly,  about  50  per  minute,  and  it  looked  as  if  he  would  die  of 
heart  failure.  He  got  over  it,  and  steadily  improved,  but  his  heart  was  weak 
for  some  days.  On  the  tenth  day  he  had  hives,  with  pain  in  the  joints  and 
some  rise  of  temperature ;  other  than  that  he  presented  no  evidences  arising 
from  the  serum  .^ 

Dr.  Welch  :  Were  any  prophylactic  injections  made  on  other  persons? 

Dr.  Dock  :  Yes,  sir. 

Dr.  Welch  :  Were  there  any  bad  symptoms  : 

Dr.  Dock  :  Yes,  in  two  of  eight  cases ;  but  the  injecting  fluid  used  in  those 
two  cases  came  from  two  bottles,  the  other  halves  of  which  caused  no  dis- 
comfort to  the  persons  who  took  them.  The  two  persons  had  urticaria,  with 
pain  about  the  joints,  but  no  swelling.  The  pain  was  severe,  but  there  was 
nothing  alarming  about  the  condition.  In  the  first  case  the  trouble  was 
supposed  to  have  arisen  from  food  intoxication,  but  when  the  symptoms 
appeared  in  the  second  case  we  recognized  its  cause.  The  symptoms,  of 
course,  did  not  depend  on  the  antitoxin,  but  were  like  those  occasionally 
caused  by  horse-serum  of  various  kinds. 

Dr.  Barker:  In  reply  to  Dr.  Park's  question,  I  may  say  that  I  have  had 
no  personal  experience  with  the  serum,  and  my  statement  was  based  upon 
the  report  of  the  Russian  Commission.  The  same  may  be  said  in  reply  to 
Dr.  Shattuck.    I  do  not  know  how  early  the  bacilli  appeared  in  the  serum. 

Dr.  Flexner:  I  may  answer  that  question  with  some  indirect  evidence. 
They  have  been  found  in  the  urine  of  patients  who  died  on  the  third  or 
fourth  day  of  the  disease,  and  it  seems  probable  from  this  that  they  appear 
early  in  the  disease. 

Dr.  Barker:  I  want  to  add  that  probably  all  cases  of  bubonic  plague  are 
contagious,  some  directly,  some  indirectly.  The  most  contagious  form,  of 
course,  is  the  pneumonic,  and  such  patients  should  have  their  mouths  covered 
by  a  fine  veil,  and  anyone  going  near  them  should  keep  his  mouth  and  nose 
covered  with  a  fine  sponge.  The  making  of  an  autopsy  is  by  no  means  a 
safe  procedure,  and  there  is  danger  in  attending  plague  cases.  This  is 
proved  by  the  number  of  physicians  and  investigators  who  have  become 
infected. 

In  regard  to  the  San  Francisco  situation,  I  would  like  to  emphasize  the 
importance  of  the  work  done  by  Drs.  Kellogg  and  Kinyoun.    The  whole 

1  Note  on  revising  proof,  May  18,  1901:    "The  patient  still  has  marked  heart  weakness, 
becoming  dyspneic,  with  pain  in  the  heart  region  on  slight  exertion." 
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country  owes  a  deep,  debt  of  gratitade  to  those  pathologists,  and  I  may  say,  in 
addition,  that  every  pathologist  in  San  Francisco,  except  possibly  one,  agreed 
that  this  disease  was  plague,  while  those  who  opposed  that  view  were  men 
without  sufficient  training  to  recognize  it. 

We  ought  to  congratulate  Ann  Arbor  on  the  prompt  work  that  saved  the 
patient's  life  and  prevented  the  spread  of  the  disease.  When  we  remember 
that  the  pneumonia  cases  have  a  mortality  of  about  100  per  cent  we  can 
appreciate  the  importance  of  their  prompt  and  successful  action. 


SLOW  PULSE,  WITH  SPECIAL  REFERENCE  TO 

STOKES-ADAMS  DISEASE. 


By  ROBERT  T.  EDES,  M.D., 

OF  BOSTON. 


SiNCB  our  late  associate,  D.  W.  Prentiss,  was  so  kind  as  to  call  my 
attention  to  his  patient  with  an  extremely  slow  pulse,  whom  he  showed 
to  this  Society  in  1889,  and  in  whose  case  I  had  the  opportunity  to 
make  a  postmortem  examination,  I  have  added  somewhat  to  my  own 
experience,  and  have  also  looked  over  a  not  inconsiderable  amount  of 
literature  which  has  accumulated  upon  the  subject  since  that  time. 

Case  I. — Mrs.  Rosetta  M.  P.,  aged  fiitv  years ;  housewife ;  born  in  New 
HampBhire,  of  New  England  parentage.  Her  father  died  of  pulmonary  hem- 
orrhage ;  her  mother  from  a  fall  during  pregnancy.  She  has  been  an  invalid 
since  the  birth  of  a  child  twenty-five  years  ago.  She  has  had  one  miscarriage 
and  frequent  headaches ;  one  year  ago  these  were  intense.  In  the  Worcester 
City  Hospital  a  short  time  last  year;  was  short  of  breath,  emotional,  and 
fainted  several  times.  In  January  she  fell  on  the  street.  Two  years  ago 
she  had  sciatica.  She  was  lately  treated  by  Dr.  Samuel  Breck  for  uterine 
trouble.  Fainted  one  day  while  at  work,  and  has  fallen  in  the  house  several 
times  since  then. 

Entered  the  Boston  City  Hospital  June  3, 1897.  While  in  bed  she  has  sink- 
ing spells;  feels  as  if  she  were  falling.  Appetite  fair;  bowels  constipated; 
temperature  101° ;  pulse  56 ;  respiration  20.  Patient  said  that  her  nervous  con- 
dition was  due  largely  to  shock  and  grief  at  the  death  of  her  daughter's  child 
of  scarlet  fever.  She  was  pale,  anemic,  and  nervous,  the  pupils  equal,  react- 
ing to  light  and  accommodation.  The  tongue  moist,  with  a  white  coat.  The 
pulse  regular,  40,  of  poor  strength  and  volume.  The  heart's  area  not  enlarged, 
action  irregular,  sounds  very  weak.  At  times,  between  pulsations,  are  heard 
sometimes  one,  sometimes  two  or  three  slight  sounds,  as  of  incomplete  beats. 
Pulse  synchronous  with  heart.  At  times  a  soft  systolic  murmur  replacing 
the  first  sounds  at  the  apex,  slight  roughening  of  the  first  sound  at  the  aortic 
area.  Lungs  and  abdomen  negative  ;  knee-jerks  normal ;  no  ankle  clonus 
hyperesthesia  of  the  extremities. 

June  4th.  Felt  faint  during  the  afternoon,  dull  and  heavy  headache ;  pain 
about  the  heart  and  throbbing  of  the  head.     Several  slight  sinking  spells 
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during  the  early  part  of  the  night.  About  1  a.m.  she  screamed  and  appar- 
ently lost  consciousness.  The  night  nurse  could  not  feel  her  pulse.  House 
officer  called  and  gave  her  subcutaneous  injections  of  ether;  patient  aroused, 
confused,  but  recognized  the  house  officer.  Pulse  very  weak  and  slow.  Quiet 
the  rest  of  the  night.  Next  day  she  felt  weak  and  very  dull.  In  regard  to 
the  attack  of  the  night  before,  she  said  that  she  was  not  unconscious,  but 
she  felt  powerless,  and  screamed  because  she  felt  herself  sinking;  felt  as  if 
oppressed  by  a  great  weight.  Dark  blurring  of  the  eyes ;  wss  conscious  of  the 
night  nurses,  and  heard  them  discuss  as  to  whether  she  were  dead.  Recog- 
nized house  officer  when  he  came.    On  this  day  the  pulse  went  down  to  20. 

IIM.  Patient  says  that  she  can  feel  the  pulsations  of  her  heart  in  her  left 
hand  and  arm  when  grasping  anything  with  this  hand.  Pulse  and  heart 
sounds  synchronous,  no  evidence  of  organic  disease.    Patient  feels  very  weak. 

19th.  Patient  up,  dressed,  and  out  on  the  piazza.  Pulse  still  weak  and 
slower  than  the  apex. 

24th.  Pulse  ranged  from  85  to  48.  Has  had  a  slight  chill ;  attack  of  vertigo 
every  few  days.  Pulse  at  such  times  scarcely  perceptible ;  does  not  lose  con- 
sciousness when  in  these  attacks.     Never  any  convulsions. 

29fh.  Had  four  spells  yesterday ;  she  was  given  brandy  and  nitroglycerin ; 
attacks  of  serai -consciousness  preceded  by  headache,  blurring  of  vision, 
feeling  as  if  sinking  down  into  a  hole;  she  is  somewhat  paler  than  usual  at 
such  times,  and  her  eyes  are  closed.  After  the  attack  she  feels  weak;  head 
aches  badly  and  she  is  much  exhausted ;  pupils  dilated  and  pulse  slow  (18 
to  20),  but  improves  with  stimulation.  She  has  her  clothes  on  daily  and  spends 
an  hour  on  the  piazza.  The  attacks  generally  come  on  in  the  afternoon* 
Premonitory  symptoms  warn  her  to  go  to  bed. 

Ju!i/  11th,  Head  heavy.    Tenderness  in  the  left  side  of  the  head. 

13M.  Condition  much  improved;  pulse  still  slow.  Discharged  relieved. 
Diagnosis :  hysteria,  myocarditis. 

The  chart  kept  during  this  time  gives  the  temperature  on  the  day  of  en- 
trance as  101°  and  for  three  days  after  as  normal.  After  this  it  was  not  taken. 
The  pulse  after  two  observations  at  20  rose  somewhat,  and  ranged  from  about 
25  to  48,  being  for  a  considerable  part  of  the  time  between  35  and  45.  The 
respirations  were  from  20  to  25. 

Boston  City  Hospital,  June  22,  1897.  Urine:  500  c.c. ;  acid,  1012;  urea, 
1.39  per  cent. ;  indoxyl  normal ;  albumin  slight  possible  trace;  sugar,  0. 

Sediment.  Occasional  abnormal  blood  globule;  squamous  epithelium;  oc- 
casional small  hyaline  and  finely  granular  cast;  few  blood  and  fat  globules; 
few  renal  cells.    J.  B.  Ogden. 

Admitted  to  the  Adams  Nervine  Asylum  on  July  14th.  Her  application 
paper  gave  nothing  additional  except  the  statement  of  Dr.  Breck ;  she  had 
lately  had  a  thorough  pelvic  examination  under  ether  without  anything  defi- 
nite being  found. 

Height,  five  feet  four  inches;  weight,  146  pounds.  Early  history  unim- 
portant, except  the  headaches.  About  seven  weeks  ago  the  headaches  were 
worse  and  she  had  pain  in  the  left  groin.     Seven  weeks  ago  she  fell  several 
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times  during  the  day  with  short  spells  of  unconsciousness ;  the  next  day  twice. 
When  she  entered  the  Adams  Nervine  she  had  not  lost  much  flesh ;  her  man- 
ner was  calm,  but  she  was  sleeping  badly,  usually  from  one  to  five  or  six 
hours,  seldom  the  latter.  Her  dreams  were  not  especially  bad,  and  she  had 
no  morbid  fears  or  hallucinations;  her  appetite  was  deficient  and  she  was 
constipated.  She  was  pale,  with  a  somewhat  puffy  complexion.  She  was 
frequently  having  the  sinking  spells.  There  was  no  enlarged  cardiac  dulness. 
Sounds  nearly  normal,  the  first  sound  rather  long,  occasionally  with  some- 
thing like  reduplication  or  interruption,  occasionally  a  very  slight  beat  just 
after  the  second.  Says  she  feels  her  heart  beat  in  her  head  and  limb.  Counted 
the  head-beats  herself  while  I  held  the  radial  pulse,  and  they  were  syn- 
chronous. Her  hand  goes  to  sleep.  When  she  has  the  sinking  spells  the 
whole  arm  is  involved.  There  is  a  burning  sensation  over  the  heart,  and 
there  is  dyspnea  when  she  lies  upon  her  left  side.  The  sphygmographic 
tracings  have  a  long,  flat  top  and  gradual  decline  without  dicrotism. 

Tracing  1. 


l^u.  R         i^  iH.  nny 


She  continued  in  about  the  same  condition  for  several  weeks,  with  the 
pulse  very  slow,  much  of  the  time  being  25  or  26,  and  at  the  paroxysms  be- 
coming imperceptible.  The  blood  was  never  counted,  but  color-index  was 
not  below  that  of  the  average  female.  There  was  no  abnormality  in  the  white 
corpuscles.  The  urine,  when  measured,  was  below  the  normal  in  quantity, 
contained  no  albumin  and  only  the  normal  amount  of  indoxyl.  The  eye- 
grounds  were  normal.  There  is  a  beating  in  the  back  of  the  head  nearly  all 
the  time.  The  feeling  coming  from  the  back  to  the  top  of  the  head  coincides 
with  the  spells.  When  seen  in  or  soon  after  the  attacks  her  pulse  would  be 
imperceptible  or  very  slow ;  she  said  that  in  some  of  them  she  became  uncon- 
scious, but  this  apparently  did  not  last  long.  There  were  sometimes  several 
days  when  there  would  be  none.  Her  sleep  improved  somewhat  as  regards 
the  average  number  of  hours  per  night.  The  record  of  medication  consists 
chiefly  in  cardiac  stimulants,  with  no  hypnotics. 

September  lOM.  Patient  has  had  several  slight  spells  of  faintness,  occurring 
during  the  daytime ;  has  been  in  bed  ever  since  her  entrance,  but  has  a  bed- 
rest; wants  to  get  up ;  has  complained  of  rheumatic  pains  in  the  muscles  of 
both  legs ;  pulse  ranged  from  82  to  86. 

l%ih.  On  the  11th  and  12th  there  were  attacks  (patient  said  afterward  that 
she  was  not  conscious  during  these  attacks),  during  whi&h  the  pulse  was 
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scarcely  felt  at  the  wrist ;  duration  fifteen  to  thirty  minutes.  On  the  16th, 
about  9  o'clock,  she  had  a  fainting  spell,  and  aroused  dazed  and  confoaed. 
Again,  about  1  a.m.,  she  called  the  nurse  and  said  that  she  felt  she  was  going 
to  have  another  attack,  and  while  the  nurse  was  at  the  telephone  the  patient 
screamed  loudly  several  times,  awakening  and  frightening  all  the  patients. 
The  nurse  found  her  with  eyes  staring,  pupils  dilated,  tossing  herself  aboat 
the  bed  and  tearing  her  hair.  No  dyspnea,  face  very  pale.  The  nurse  tried 
to  keep  her  quiet  by  holding  her,  assisted  by  the  night  watchman,  who  bad 
been  attracted  by  her  cries.  Assistant  was  called,  but  found  the  patient 
quiet  but  in  an  apparent  unconscious  state.  Ammonia  to  the  nostrils  and 
subcutaneous  injections  of  ether  were  given.  Pulse  ranged  from  16  to  18; 
could  scarcely  be  counted  on  account  of  weakness.  Later  on  the  none  ap- 
plied a  faradic  battery ;  patient  began  to  scream  again  and  kept  it  up  for 
some  time.  Quieted  down,  and  brandy,  two  ounces,  and  hot  water  were 
taken  by  the  mouth. 

On  the  17th  the  patient  said  that  she  felt  she  was  dying  the  night  before, 
and  was  unconscious  of  screaming.  On  this  date  she  had  several  attacks 
during  the  day  and  night;  all  three  attacks  have  been  more  severe  than  any 
before  or  since  her  entrance.  Pulse  at  times  is  as  low  as  12  per  minate.  At 
other  times  during  the  attacks  it  could  not  be  felt.  This  morning  (18th) 
she  seems  better;  has  headache,  and  is  very  weak  and  exhausted;  has  not 
taken  much  nourishment. 

19^^.  Attacks  with  difficult  breathing  (Obey ne- Stokes  respiration),  with 
extreme  pallor  and  disappearing  pulse,  eyes  staring,  fixed  apparently  in  an- 
consciousness ;  cold  skin :  no  perspiration.  This  would  be  followed  bj  a 
gradual  return  of  pulse,  at  first  a  total  suspension  of  respiration,  a  fairly  rapid 
flushing  of  the  face,  return  of  respiration,  some  moaning,  a  moment  or  two 
of  quiet,  and  soon  a  repetition  to  the  cycle  above  described.  These  lasted 
for  about  fourteen  and  a  half  hours.  Quieted  down;  color  good;  pulse 36; 
respiration  regular  and  tranquil  for  about  an  hour  and  three-quarters.  Two 
or  three  more  attacks  followed.  Ether  subcutaneously  twice.  Quieted  down 
in  about  twenty  minutes.  Subcutaneous  injections  of  brandy,  ether,  and 
strychnin  were  given  in  the  above  attacks,  also  hot  brandy  by  the  rectam. 
Milder  attacks  continued  throughout  the  afternoon  and  evening.  Between 
the  attacks  was  languid,  drowsy.  Seen  by  Dr.  Webber  in  consultation,  who 
inclined  to  consider  the  trouble  of  nervous  origin  ;  a  unique  case;  possibly 
absorption  of  the  intestinal  toxins.  Advised  general  measures,  cardiac  stima- 
lants,  massage,  and  electricity. 

20/A.  After  the  attacks  of  yesterday  the  patient's  condition  was  considered 
dangerous,  and  family  notified. 

The  assistant  was  called  about  4  o'clock,  being  told  the  patient  was  dead; 
was  informed  on  his  arrival  that  the  patient  had  been  quiet  and  comfortable 
in  the  early  evening.  At  about  8  o'clock  a  slight  attack;  others  at  10  and 
11  P.M.,  with  intervals  of  short  naps.  At  about  4  o'clock  she  aroused  slightly, 
then  suddenly  slopped  breathing;  the  pulse  could  not  be  felt.  The  patient 
wvs  found  reclining  on  the  bed-rest,  face  pale,  mottled  areas  like  postmortem 
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appearance ;  no  pulse  felt ;  no  heart  sounds  heard ;  extremities  cold.    Atro- 
pin  Buhcutaneously  among  other  stimulants.     Pulse  felt  faintly ;  no  other 
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signs  except  a  shallow  respiration  and  an  occasional'soft  sigh ;  after  a  while 
the  sighs  were  only  at  intervals.    Died  at  6.15  a.m. 
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Autopsy  by  Dr.  CouDcilman,  September  20, 1897.  Bodj  well  noarished; 
surface  pale ;  subctttaneoos  fat  abundant ;  slight  edema  of  the  posterior  por- 
tion of  both  lungs;  heart  distended,  especially  the  right  side,  with  flaid 
blood;  valves  normal,  save  a  slight  thickening  of  the  edge  of  the  mitnl 
valve ;  the  myocardium  normal ;  coronary  arteries  normal ;  the  aorta  smooth 
save  for  a  few  small  plaques  of  atheroma  in  the  beginning  of  the  thoracic  and 
above  the  bifurcation;  both  kidneys  hyperemic;  the  capsule  in  places  very 
slightly  adherent;  markings  normal;  the  right  kidney  freely  movable  over 
an  area  of  five  inches;  brain  of  normal  size;  convulsions  well  developed, 
rather  pale,  firm ;  arteries  at  the  base  of  the  brain  were  normal,  as  were  all 
the  cranial  nerves. 

Anatomic  Diagnosis.  Dilatation  of  the  right  side  of  the  heart ;  old  pleuritic 
adhesions ;  slight  edema  of  the  lung ;  chronic  thickening  of  the  mitral  valve; 
very  slight  interstitial  nephritis. 

Case  IE. — A  man,  aged  eighty  years,  in  fair  general  health,  with  a  pulse 
said  to  have  been  usually  about  68  or  70. 

April,  1878.  Had  a  slight  bronchitis,  with  a  pulse  in  the  neighborhood 
of  33. 

21st.  Fell  unconscious ;  vomited ;  pulse  26. 

22d.  Slighter  attacks ;  vomited ;  there  was  no  trace  of  paralysis ;  pulse  33, 

and  most  of  the  time  from  32  to  36,  and  at  times  as  high  as  40 ;  at  times 

slight  irregularity,  with  secondary  beats. 

2Sd.  Severe  attack. 

Tracing  2. 
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24/A.  Another  attack  of  unconsciousness ;  pulse  36.  Cheyne-Stokes  respira- 
tion, with  complete  pauses,  during  which  there  were  some  spasmodic  moTe- 
ments.  While  the  breathing  was  on  the  decline  there  were  interpolated  wetk 
heart-beats,  which  disappeared  during  the  period  of  apnea  and  increase.  Apnea 
lasted  about  twenty  seconds.  There  was  a  gradual  improvement  from  this 
time.  In  June  his  pulse  was  70,  and  on  one  occasion,  after  a  little  exertion, 
80.  In  October  of  the  same  year  his  pulse  was  rather  quick.  About  a  year 
later  he  felt  rather  weak  and  the  pulse  was  36.  In  July  he  had  anothef 
series  of  attacks,  less  severe  than  the  first,  with  slow  pulse  and  Cheyne-Stokes 
respiration.  On  one  day  it  was  noted  that  there  were  twenty-four  large  beats 
to  the  minute,  each  followed  by  a  small  one. 

In  November,  1880,  he  had  a  cold  and  cough,  with  breathing  somewhat  oi 
the  Cheync-Stokes  type,  and  a  slow  and  very  irregular  pulse.  An  hour  or 
two  before  he  died  the  pulse  was  44  and  irregular.^ 

1  Two  SORB  of  this  patient  died  with  intentitial  nephritis.    One  of  them  bsd  Cheyne-Stokei 
of  the  mofit  typical  form  for  several  days  before  death.    The  willB  of  the  other  doKribed  (o  dc, 
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Id  the  sphyginograms,  which  in  their  general  form  were  entirely  of  the 
usual  character,  there  was  occasionally  to  be  found  a  very  faint  wave  suc- 
ceeding the  main  one. 

Case  III. — S.  W. ,  a  Polish  Jew,  aged  forty  years,  fainted  at  a  meeting  of  some 
kind,  and  soon  again.  When  he  entered  the  Massachusetts  General  Hospital 
he  had  frequent  fainting  fits,  with  some  convulsive  movements.  At  the  time 
my  attention  was  kindly  called  to  the  case  by  Dr.  .1.  J.  Putnam  he  had  had 
none  for  some  time,  and  he  was  sitting  up  and  about  the  ward.  The  pulse 
has  been  as  low  as  25,  at  first  with  intermediate  slight  beats.  When  I  saw 
him  the  pulse  was  38,  strong,  and  there  were  no  intermediate  beats  visible  in 
the  tracings,  nor  could  I  detect  any  by  the  ear.  The  interne  of  the  service 
informed  me  that  he  had  heard  none  recently. 

Case  IV. — In  September,  1899, 1  saw,  with  Dr.  Edson,  of  Roxbury,  a  bank 
cashier,  aged  about  sixty  years.  For  years  he  had  worked  very  hard,  with  very 
little  vacation.  Last  winter  he  was  restless  and  twitching,  and  he  could  not 
walk  up  hill  as  well  as  he  used  to.  For  years  he  had  had  occasional  blind 
headaches.  Last  May  he  lost  consciousness  and  fell.  In  July  he  had  another 
severe  attack,  but  after  that  none  for  a  considerable  time,  until  hot  and  tired 
in  the  cars.  Since  then  several  severe  ones  and  a  great  many  less  so.  In 
the  severe  ones  he  loses  consciousness  and  twitches  in  face  and  legs.  In  the 
slighter  ones  there  is  no  twitching,  and  no  complete  loss  of  consciousness. 
In  the  severe  ones  his  color  becomes  white  and  then  red,  or  red  and  then 
white,  his  wife  stating  the  latter  and  others  the  former.  During  my  visit  he 
said  that  he  had  had  several  slight  ones,  but  I  could  observe  nothing  except  that 
after  some  of  them  there  seemed  a  little  longer  interval  in  the  heart-beats, 
and  then  two  or  three  closer  together.  The  pulse  at  the  wrist  was  from  29 
to  31,  mostly  regular,  of  good  force  and  tension.  The  arteries  appeared 
smooth  and  elastic  at  the  wrist  and  the  temple.  The  impulse  was  not  ex- 
aggerated nor  the  dulness  increased.  There  was  a  strong  double  beat  (the 
normal  sounds)  synchronous  with  the  radial  pulse.  Between  them  one  faint 
beat,  which  sometimes  seemed  to  be  more  developed,  so  that  the  pulse  was 
apparently  quicker,  but  this  was  not  frequent  enough  to  greatly  increase  the 
number  of  beats  per  minute.  There  was  a  systolic  murmur,  loudest  at  the 
base.  This  examination  was  made  without  a  stethoscope.  Through  the 
courtesy  of  the  patient  and  Dr.  Edson  I  had  the  opportunity  of  examining 
him  again  last  March — that  is,  about  a  year  and  a  half  after  the  first  ex- 
amination. Dr.  Edson  informed  me  in  his  note  that  *^  for  a  year  his  pulse  has 
kept  at  28  and  is  full  and  perfectly  regular,  with  none  of  the  faltering  it  showed 
when  you  saw  him.  His  lapses  of  consciousness  grew  less  frequent  until  May 
last,  since  which  date  he  has  had  none."     I  found  that  he  had  not  only  had 

at  a  time  when  the  patient  was  still  going  into  town  to  attend  to  his  business,  alternaUons  of 
heavy  or  difficult  breathing,  with  iMiuses  of  apnea  lasting  several  seconds,  evidently  Cheyne- 
fltokes,  or  something  very  much  like  it,  occurring  at  night. 
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DO  losses  of  consciousness,  but  not  even  any  faintness  or  dyspnea  unless  on 
going  up  stairs  too  fast.  He  walks  out,  and  even  cuts  a  little  wood.  He  is 
somewhat  deaf,  varying  at  times,  but  always  the  most  on  the  right  side, 
where  there  is  a  slight  trace  of  facial  paralysis.  I  examined  his  heart  with 
the  phonendoscope,  but  through  his  clothing,  and  thought  that  I  could  at 
times  make  out  a  lesser  beat  after  the  principal  one. 

TBAaNG  3.1 


9^  V         *uA/9  nof 


A  pulse  considerably  below  the  average  is  much  more  likely  to  call 
the  attention  of  the  physician  and  the  patient  than  one  above  it,  as 
being  much  less  common  and  less  easily  accounted  for  by  any  of  the 
usual  conditions  which  raise  it — exercise^  nervous  excitement,  and 
especially  fever.  The  fact  that  so  many  cases  of  it  have  been  reported 
shows,  indeed,  that  it  strikes  the  practitioner  as  an  unusual  circum- 
stance. The  statement  of  Gossett  Brown/  however,  who  says  that  in 
many  thousands  of  cases  in  both  hospital  and  private  practice  he  had 
seen  two  cases  of  slow  pulse,  is  a  somewhat  extreme  one.  He  evidently 
refers  to  the  remarkably  or  phenomenally  slow  pulse  of  which  both  of 
his  cases  are  instances. 

Riegel,'  taking  60  as  the  figure  of  the  normal  pulse,  finds  among 
4484  men  and  3083  women,  710  and  331  cases  of  slow  pulse  respec- 
tively, a  total  of  1041  in  7567 ;  but  of  all  these,  he  says,  only  47 
were  connected  with  diseases  of  the  organs  of  circulation. 

What  is  to  be  regarded  as  a  slow  pulse  ?  An  average  of  a  large 
number  of  promiscuous  counts  would  have  little  value,  and  the 
variations  depending  upon  age,  sex,  position,  etc.,  have  been  suffi- 
ciently often  stated.  A  very  interesting  statement  was  made  by  Gros* 
in  regard  to  the  Bretons  whom  he  had  the  opportunity  to  observe 
in  the  military  hospitals  during  the  Franco-Prussian  war.  They  had 
habitually  their  pulses  considerably  below  the  average  of  the  rest  of 

1  The  tremor  in  the  upper  tracing  is  an  instrumental  error.  The  lower  line  is  taken  simnl- 
taneously  with  the  upper,  with  a  shorter  lever.  It  may  be  read  with  a  cyllndric  lens.  6« 
Transactions  of  the  Association  of  American  Physicians,  vol.  xy.  p.  270, 

^  Brit.  Med.  Journ.,  December  27,  1879. 

'  ZeiUchr.  klin.  Med.,  1890,  p.  221. 

•  Union  M6d.,  Paris,  1870,  p.  658. 
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France.     I  have  seen  a  similar  statement  as  to  the  Central  African 
negroes,  but  I  do  not  know  on  what  original  authority. 

Riegel  quotes  Kaiser  as  saying  that  whole  families  show  slow  pulse. 
RusselP  reports  the  case  mentioned  to  him  by  Crompton,  of  a  man 
whose  pulse  had  been  notably  slow  for  years,  but  who  has  long  been 
an  enthusiastic  salmon  fisherman  and  sportsman.  His  son  has  also  a 
very  slow  pulse. 

For  the  sake  of  round  numbers  we  may  call  60  the  lower  limit  of 
the  usual  normal  range,  which  would  probably  be  little  if  at  all  below 
the  correct  figure  for  the  greater  number  of  large,  strong,  and  healthy 
males.  The  upper  limit,  which  would  apply  more  closely  to  smaller, 
more  excitable,  and  active  persons  and  to  females,  might  be  put  in  the 
neighborhood  of  80. 

It  is  usual  to  report  cases  of  a  pulse  considerably  below  this  as 
being  found  in  perfectly  healthy  persons.  There  are  a  few  in  which 
it  is  impossible  to  dispute  this  diagnosis,  but  there  are  others  more 
numerous,  in  which  careful  inquiry  or  the  course  of  time  shows  the 
condition  of  alleged  health  to  be  subject  to  serious  exceptions.  In 
fact,  such  cases  are  treated  of  by  Huchard  as  a  separate  class  of 
Stokes-Adams  disease. 

It  is  customary  here  to  speak  of  Napoleon  I.,  who  is  said  to  have 
had  a  pulse  of  40,  and  to  have  been  uncomfortable  when  it  rose  to 
60.  Various  authors  state  diflFerent  figures,  but  for  the  sake  of  em- 
phasis I  mention  the  lowest.  According  to  Ogle  {Lancet,  January 
26,  1897^),  who  made  careful  inquiries,  there  is  no  record  of  this 
pulse,  but  it  is  a  tradition  resting  upon  the  verbal  statements  of 
Corvisart. 

Dr.  O'Meara,  Napoleon's  physician  at  St.  Helena,  records,  how- 
ever, that  his  circulation  was  very  feeble,  rarely  exceeding  58  or  60 
in  a  minute,  and  most  frequently  was  54.  The  strange  thing  is  to 
find  this  spoken  of  as  a  normal  condition  in  face  of  that  other  tradi- 
tion resting  on  the  same  basis,  but  scouted  by  many  Frenchmen,  of 
epilepsy,  and  of  the  facts  recorded  by  many  historic  writers  of  those 
strange  attacks  of  depression  and  apathy,  lasting  for  some  hours, 
which  assailed  him  on  more  than  one  critical  occasion.     Is  it  not 

1  Medical  Times  and  Gazette,  1877,  p.  229. 

>  It  iB  more  than  forty-five  years  since  Dr.  Ogle's  early  communications  on  the  subject  of 
Blow  pulse  appeared. 

Am  Phys  34 
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qaite  as  reasonable,  as  Ogle  suggests,  to  unite  the  two  symptoms  into 
the  well-known  group  of  the  permanent  slow  pulse  with  syncopal  or 
epileptiform  seizures  ?  ^ 

Gases  of  physiologic  slow  pulse  are  not  common.  Some  which 
are  so  designated  would  be  more  correctly  described  as  cases  which 
up  to  the  time  of  report  would  not  have  shown  any  other  obvious 
symptoms. 

Mr.  Mayo'  describes  several  which  are  certainly  open  to  but  little 
criticism,  even  if  classed  as  physiologic,  but  which  are  prudently 
called  by  him  "  compatible  either  with  ordinary  length  of  days,  or,  at 
all  events,  with  the  continuance  of  life  for  an  indefinite  period." 

The  first  was  that  of  a  man,  aged  thirty-five  years,  rather  delicate, 
whose  pulse  for  many  years  was  about  40,  regular,  full,  and  strong. 
The  action  of  the  heart  was  healthy.  He  was  in  perfect  health  and 
supposed  himself  to  be  as  capable  of  bodily  exertion  as  other  persons 
of  the  same  slight  frame  as  himself. 

The  next  was  a  clergyman  who  died  at  thirty-two  years  of  age  of 
obstruction  of  the  bowels.  He  was  exceedingly  active  in  mind  and 
body.  Hills  did  not  embarrass  his  breathing  in  the  slightest  degree. 
He  frequently,  however,  like  most  other  excitable  persons,  had  fits  of 
languor  and  depression.  His  pulse  was  regular  at  36.  When  the 
body  was  examined,  commencing  ossification  of  the  aortic  valves  was 
found. 

In  his  third  case  there  seemed  to  have  been  no  connection  between 
the  slow  pulse  and  some  not  very  severe  ailments.  The  patient  occa- 
sionally rode  eight  miles  to  market. 

Vigouroux*  stated  that  he  had  known  for  five  years  a  laborer  whose 
pulse  and  heart  always  beat  at  the  rate  of  20.  During  this  time  he 
never  attended  him  but  once,  and  then  for  '*  embarras  gastrique." 
On  the  day  of  writing  he  had  seen  him  in  hot  weather  driving  a  cart 
with  six  oxen,  "an  exercise  which  demands  a  certain  amount  of 
health  and  energy." 

There  are  a  very  few  cases  in  which  an  acquired  slow  pulse  seems 
to  have  become  distinctly  physiologic.  This  is  difficult  to  understand 
unless  we  admit  that  the  healthy  heart  is  capable  of  doing  an  amount 

1  Dorsey  Gardner,  Quatre  Bras,  Llgny,  and  Waterloo,  2d  ed.,  pp.  84-86. 
«  London  Medical  Gazette,  N.  S.,  vol.  xxli.  p.  282. 
*  Gae.  des  HOp.,  1876,  p.  788. 
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of  work  greatly  in  excess  of  what  it  is  ordinarily  called  upon  to  do ; 
that  is,  that  the  margin  is  a  very  wide  one  and  that  the  physiologic 
estimates  of  the  amount  of  blood  pumped  by  the  heart  are  maximums 
which  very  much  more  than  cover  the  ordinary  and  necessary  work. 
There  is  perhaps  in  such  cases  some  adjustment  of  the  capacity  and 
elasticity  of  arteries,  making  in  effect  a  larger  reservoir,  so  that  an 
extremely  slow  pulse  may  give  a  stream  sufficiently  steady  for  prac- 
tical purposes.  The  case  of  Dr.  Archibald  Hewan  is  an  interesting 
one.  His  pulse,  from  overstudy  and  from  gout  and  rheumatism, 
gradually  fell  from  72  to  38,  where  it  remained,  but  he  never  had  a 
fainting  fit.  He  was  able  to  climb  a  mountain  some  thousands  of  feet 
high,  his  pulse  at  the  top  being  40. 

Before  discussing  the  mechanism  and  causes  of  slow  pulse,  it  is  well 
to  mention  briefly  the  principal  clinical  conditions  under  which  it  has 
been  met  with.  Beside  the  somewhat  doubtful  physiologic  class,  we 
find  it  in  convalescence  from  acute  diseases,  and  in  the  course  of  some 
acute  diseases,  especially  acute  rheumatism. 

Atkinson'  remarks  :  "  It  is  evident  that  bradycardia  occurring  in 
acute  rheumatism  cannot  in  all  cases  be  considered  with  the  phe- 
nomena of  convalescence  from  acute  febrile  disease  as  some  are  dis- 
posed to  do." 

Schuster*  reports  the  following:  "A  child  of  four  years  went 
through  with  articular  rheumatism  with  no  indication  of  heart  trouble, 
but  after  the  acute  symptoms  had  passed  and  the  pulse  was  of  normal 
frequency,  a  strong  systolic  murmur  was  heard  at  the  apex.  When  this 
also  was  in  the  way  of  improvement  a  series  of  attacks  were  developed, 
coming  on  in  the  evening  after  the  child  had  been  asleep,  in  which 
the  pulse,  which  had  been  small  and  arhythmic,  gradually  decreased 
in  frequency,  together  with  the  temperature  and  the  respiration,  which 
latter  also  took  on  the  Cheyne-Stokes  type.  The  next  morning  the 
child  would  wake  up  feeling  pretty  well.  This  lasted  three  weeks, 
when  improvement  began  and  continued  until  an  attack  of  herpes 
zoster,  when  there  was  a  new  series.  Later  still,  after  renewed  im- 
provement, there  was  a  third  series,  less  severe  and  coming  in  the 
morning.    In  a  later  attack  of  measles  there  was  no  heart  disturbance. 

1  Tbansacttioks  of  the  Association  op  Ambrican  Physicians,  1891,  and  Yirsrinla  Medical 
Monthlf,  December,  1891. 
<  Deutuch  med.  Wochenschrift,  1896,  p.  484. 
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The  slow  pulse  of  the  puerperal  condition  is  probably  of  the  same 
character.  In  none  of  these  conditions  is  it  usually  extreme  or  long- 
continued.  In  convalescence  it  usually  occurs  with  a  slight  fall  of 
temperature  below  the  normal,  and  is  simply  a  part  of  the  general 
reaction  from  the  fever.  Examinations  of  considerable  numbers  of 
puerperal  cases  seem  to  show  that  while  the  slow  pulse  under  these 
circumstances  has  no  unfavorable  significance  it  cannot  be  called 
exactly  physiologic,  inasmuch  as  it  is  not  invariable,  nor  in  the 
majority  of  cases  well  marked.  Heil,^  Labousqui^re,'  Gruneisen,* 
Varnier.* 

A  large  number  of  poisons,  both  vegetable  and  autogenetic,  have  a 
marked  influence  upon  the  rhythm  of  the  heart.  Among  these  are, 
of  course,  digitalis  and  its  congeners,  which  slow  the  beats  through 
their  excitant  action  upon  the  vagus  and  vasomotor  centers^  the  solana- 
ceous  alkaloids  which  act  in  the  opposite  direction  by  an  opposing 
mechanism,  and  a  considerable  number  which  seem  to  have  a  general 
depressing  effect  upon  the  whole  cardiac  motor  mechanism,  such  as 
aconite,  saponin,  muscarin,  colchicum,  and  others.  The  position  of 
tobacco  is  interesting  and  peculiar.  It  seems  sometimes  to  be  the 
cause  of  temporary  slow  pulse,  although  this  is  likely  to  be  changed  to 
a  very  rapid  one  by  a  slight  exertion,  but  it  has  nothing  to  do  with 
the  etiology  of  the  permanent  slow  pulse.  Several  of  the  most  typical 
cases  have  had  nothing  to  do  with  tobacco,  and  in  others  it  has  not 
been  used  to  excess.  My  friend  Dr.  Starbird,  the  surgeon  of  the 
Soldiers'  Home  at  Chelsea,  where  the  principal  employment  of  several 
hundred  inmates  is  the  consumption  of  tobacco,  has  for  some  years 
been  looking  in  vain  for  a  case  of  permanent  slow  pulse  to  show  me. 

Peaslee*  speaks  of  two  cases  of  slow  pulse,  both  attended  with 
occipital  pain,  which  recovered  at  once  on  discontinuing  the  weed.  He 
recalls  the  fact  that  when  examining  recruits  during  the  war  he  foand 
many  young  men  with  slow  pulse  who  turned  out  to  be  cigarmakers. 
He  mentions  also,  which  is  interesting  as  showing  the  power  of  psychic 
action  on  the  rate  of  the  pulse,  and  also  as  speaking  well  for  the  cour- 
age and  patriotism  of  the  expectant  soldiers,  that  the  pulse  invariably 
rose  when  they  were  informed  that  they  were  accepted. 

1  Arch.  f.  Gynakol.,  1898,  p.  265.  «  Ann.  de  Qyneool.  et  d'obst^trlqne. 

«  Halle,  A.  S.    Thesis,  1898.  *  Ann.  de  Gynecol,  et  d'ohst^t.,  1899,  p.  30. 

*  New  York  Medical  Journal,  vol.  xxiii. 
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Tanquerel  des  Planches  {Lead  Diseases)  states  that  in  1217  cases 
of  lead  colic  observed  by  him,  678  had  a  pulse  of  from  30  to  60. 

Whether  the  pulse  follows  the  temperature,  as  it  does  to  some  ex- 
tent belotv  the  normal,  although  much  more  decidedly  upward,  on 
account  of  a  direct  action  or  because  some  special  toxin  is  formed,  is 
not  easy  to  say ;  there  are  reasons  for  supposing  the  former.  The 
relation  of  temperature  to  the  rapidity  of  rhythmic  action  is  interest- 
ingly shown  by  the  chirping  of  the  tree  cricket,  which  follows  very 
closely,  as  was  first  pointed  out  by  Professor  Dolbeare,*  the  tempera- 
ture of  the  atmosphere  at  the  rate  of  four  chirps  to  the  degree  Fah- 
renheit. 

In  some  physiologic  experiments  where  the  heart  is  cut  off  as 
completely  as  possible  from  all  other  influences,  one  may  find  a  rela- 
tion between  pulse  and  temperature  almost  as  close  as  this,  but  only 
in  a  few  instances  of  the  human  heart  does  its  beat  follow  the  ther- 
mometer so  closely  and  accurately.^  The  analogy,  however,  between 
the  slow  and  disconsolate  chirp  of  the  cricket  when  ^'  the  melancholy 
days  have  come"  and  the  reluctant  pulse  of  bradycardia  is  a  striking 
one,  even  if  not  scientifically  valuable. 

The  following  case  is  of  more  interest  as  showing  some  intimate 
relation  or  close  neighborhood  between  the  pulse  regulating  and  heat 
regulating  centers,  a  dependence  of  pulse  on  temperature : 

Nieden'  records  the  case  of  a  man  who  fell  down  stairs  in  such  a 
way  as  to  strike  against  a  wall  at  the  bottom  with  his  outstretched 
arms,  dislocating,  as  it  afterward  was  found,  the  first  dorsal  vertebra 
without  fracture,  but  compression  of  the  cord.  There  was  a  complete 
paralysis  of  the  lower  extremities,  the  chest,  and  the  greater  part  of 
the  trunk.  There  was  then  progressive  lowering  of  the  temperature 
and  pulse,  consciousness  remaining  perfect  to  the  time  when  the  pulse 
was  30  and  the  temperature  81°.  Death  took  place  on  the  eleventh 
day  with  a  temperature  of  80.6°.  The  most  remarkable  circumstance 
about  this  case,  in  addition  to  its  furnishing  the  lowest  recorded  tem- 
perature, is  that  there  should  have  been  any  fall  of  temperature  at  all, 
for  although  a  fall  of  pulse  is  usual,  or  at  least  very  common  in  fractures 
of  the  cervical  portion  of  the  spine  with  injury  to  the  cord  (see  Table 

1  AmeriGan  Nataralist,  1897,  p.  970,  and  1899,  p.  985. 

s  Jounial  of  the  Boston  Society  of  the  Medical  Sciences,  November  21, 1899,  p.  89. 

•  Transactions  of  the  Clinical  Society,  London,  vol.  vi.  p.  75. 
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II.),  the  rule  is  exactly  the  opposite  as  regards  temperature,  which 
rises,  often  to  excess. 

Williams  and  Arnold  found  in  young  men,  after  long  and  severe 
exercise^  that  there  was  a  fall  of  temperature  and  of  tension  as  shown 
hy  the  sphygmograph,  but  a  very  rapid  pulse. 

Handfield  Jones'  gave  belladonna  in  a  case  of  low  pulse  and  tem- 
perature without  effect  upon  the  pulse,  but  raising  the  temperature  some 
degrees. 

In  many  cases  of  bradycardia  the  temperature  is  a  degree  or  two 
below  the  normal,  and  this  condition  is  not  infrequently  accompanied 
by  a  subjective  sensation  of  cold. 

The  combination  of  a  subnormal  temperature  and  a  pulse  which,  if 
not  pathologically  slow,  is  close  to  the  lower  limit  or  normal,  seems 
to  be  met  with  in  persons  who  are  not  absolutely  sick,  but  who  are 
not  strong,  get  easily  tired  and  do  not  recover  rapidly  from  acute 
illness. 

The  pathologically  slow  pulse  seems  not  infrequently  to  arise  from 
extreme  muscular  exertion  or  strain,  and  even  in  some  cases  emotional 
depression.  This  effect  may  be  a  temporary  one  or  more  frequently 
passing  off  after  a  few  days,  although  some  cases  of  the  permanent 
form  trace  their  origin  to  conditions  of  this  kind. 

Observations  of  very  slow  pulse  have  always  excited  the  attention 
of  physicians,  and  the  number  of  recorded  cases  is  very  considerable. 
Taking  out  the  well-defined  classes  which  have  been  spoken  of,  the 
remainder  still  consists  of  the  most  interesting  and  important.  I  have 
made  a  collection  of  all  that  I  could  find  presenting  a  certain  train  of 
symptoms  and  tabulated  them  on  that  clinical  basis  before  attempting 
to  attach  to  them  definite  pathologic  conditions.  Those  in  which  a 
postmortem  examination  was  made  are  in  the  first  table.  The  first 
and  most  important  group  of  recorded  cases  consists  of  those  of  the 
so-called  Stokes- Adams  disease  or  permanent  slow  pulse  with  acute 
exacerbations,  attended  by  vertiginous,  syncopal,  epileptiform  or  apo- 
plectiform attacks. 

If  the  names  of  discoverers  or  of  those  who  have  been  the  first  to 
describe  special  diseases  are  to  be  attached  to  them  they  certainly 
should  be  to  what  they  have  described  and  not  to  a  theoretic  patho- 

1  Marathon  Runners.    Transactions  of  the  American  Climatological  AaBOciation,  1899. 
«  Lancet,  December  30,  1876. 
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logic  condition.  Adams  and  Stokes  both  described  cases  exhibiting 
the  group  of  symptoms  which  I  have  taken  as  a  basis  for  the  table. 
There  are  modifications  which  are  undoubtedly  closely  allied  to,  and 
which  throw  much  light  on,  the  typical  form,  in  which  certain  of  the 
phenomena  have  not  reached  the  same  completeness  as  the  others,  and, 
again,  it  is  not  only  possible  but  almost  certain  that  this  larger  symp- 
tomatic group  must  be  broken  up  on  the  basis  of  pathology  into 
smaller  ones,  though  for  all  this  it  must  be  admitted  that  it  is  as  a 
whole  well-characterized  and  distinctly  limited. 

In  these  cases,  on  the  occasion,  perhaps,  of  a  sudden  attack,  an  early 
one  of  those  which  later  characterize  the  disease,  or  perhaps  by  acci- 
dent, a  pulse  is  found  which  is  very  much  below  the  average  in  fre- 
quency. On  recovery  it  rises  in  frequency  more  or  less,  but  still 
remaining  below  the  average.  The  figures  vary  a  great  deal.  In  the 
table  the  larger  numbers  in  the  third  column  apply  chiefly  to  the  usual 
condition — that  is,  between  the  exacerbations  or  fits — and  the  very 
small  ones  to  severe  attacks.  The  habitual  pulse  varies  considerably 
from  day  to  day,  and  has  been  given  in  detail  in  some  of  the  reports^ 
which  I  did  not  think  it  worth  while  to  reproduce,  as  the  very  slow 
pulse  is  subject  to  some  of  the  same  influences  which  change  the  rate 
of  the  normal  one.  The  range  of  frequency  may  be  seen  in  the  tables. 
It  has  been  noted,  however,  in  some  cases,  that  posture  does  not  alter 
the  rate  so  much  as  in  health.  Fever,  however,  increases  the  rate 
as  in  normal  conditions.  In  the  case  of  Mrs.  P.  (Case  I.)  the  pulse 
is,  for  the  sake  of  brevity,  given  only  during  several  periods  of  a  few 
days  each.  In  the  first,  it  may  be  seen  that  a  decided  drop  in  the 
pulse  coincided  with  a  moderate  fall  of  temperature.  Whether  this 
was  the  initial  fall  I  have  been  unable  to  ascertain.  During  the  par- 
oxysms the  heart  may  come  to  an  absolute  standstill,  lasting  for  as 
much  as  a  minute,  and  it  may  be  as  low  as  4  per  minute  for  several 
successive  minutes ;  6  per  minute  has  been  counted  for  an  hour.^ 

The  failure  of  the  heart  has  been  observed  to  precede  the  nervous 
symptoms,  so  that  the  physician  with  his  finger  upon  the  pulse  has 
been  able  to  predict  the  onset.  An  aura  of  various  kinds  has  been 
observed  in  many  cases. 

Rhythm.     Many  writers  have  cautioned  against  the  error  of  mis* 

1  Klnkead.    Dublin  Journal  of  the  Medical  Sciences,  1898,  p.  4. 
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taking  a  slow  pulse  for  a  slow  beat  of  the  heart,  and  object  on  this 
ground  to  the  use  of  the  word  "  bradycardia  "  to  describe  an  infrequent 
radial  pulse.  One  author  goes  so  far  as  to  make  this  error  cover  most 
of  the  cases  of  the  class  we  are  considering.  While  it  is,  of  course, 
true  that  such  an  error  may  be  made,  I  have  not  found,  in  reading 
over  a  good  many  cases,  that  it  often  has  been ;  many  authors  stating 
that  the  heart-beats  were  synchronous  with  the  radial  pulse,  and 
others  showing  by  implication  that  they  were  aware  of  the  possibility 
of  error  and  avoided  it.  Beside  this,  it  seems  from  what  follows  that 
the  error,  if  it  be  one,  does  not  materially  affect  the  pathology. 

There  are  certain  transition  stages  between  the  ordinary  rapidity  of 
the  pulse  and  the  phenomenally  infrequent  one  which  are  very  inter- 
esting. It  is  well  in  noticing  the  various  changes  in  rhythm  to  take  as 
a  starting-point  the  slow  pulse  in  which  no  sign  of  interpolated  beat 
can  be  in  any  way  detected,  either  at  the  wrist  or  at  the  heart.  Such 
a  pulse  is  usually  of  fair  strength,  so  as  to  be  very  distinctly  felt  and 
heard.  The  slowness,  or,  to  be  strictly  accurate,  the  infrequency, 
consists  not  in  a  general  prolongation  or  proportional  drawing  out  of 
all  the  elements  of  the  cardiac  cycle,  but  of  a  systole  as  sharp  and 
decisive  as  the  normal,  and  a  great  prolongation  of  the  diastole.  That 
there  is  no  prolongation  of  the  systole  it  would  be  hard  to  say,  but 
it  is  very  evident  from  sphygmograms  that  it  is  not  prolonged  in  pro- 
portion to  the  diastole.  A  physiologic  writer,  to  whom  I  regret  that 
I  cannot  now  give  a  more  exact  reference,  has  stated  that  the  systole 
of  the  normal  heart  beat  varies  in  proportion  of  the  square  root  of  the 
diastole,  and  most  of  the  sphygmograms  look  as  if  they  conformed  quite 
nearly  to  such  a  ratio.  Garrod,  however,^  says  "  the  length  of  the 
interval  between  commencement  of  the  primary  and  dicrotic  rises  is 
constant  for  any  given  pulse-rate,  and  varies  as  the  cube  root  of  the 
pulse-rate."     Thurston^  confirms  this. 

For  the  proofs  of  this  general  statement  without  mathematic 
accuracy,  I  may  adduce  the  observations  of  many  auscultators  and 
many  sphygmograms.  Those  taken  in  Prentiss'  case  and  published 
in  the  fourth  volume  of  our  reports  are  very  characteristic.  I  have 
taken  others  of  a  similar  form  in  several  cases,  and  they  are  to  be 
found  in  the  literature,  nearly  all  bearing  the  same  marks  of  an  ener- 

1  Proc.  Royal  Soc.,  1870,  p.  851,  and  1875,  p.  142. 

«  Journal  of  Anatomy  and  Physiology,  1876,  vol.  x.  p.  497. 
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getic  upstroke  (systole)  often  a  plateau  of  rest,  although  this  is  cer- 
tainly much  more  marked  in  some  than  in  others,  and  a  quite  rapid 
decline  without  a  trace  of  dicrotism  until  the  level  is  reached  just 
before  the  next  pulse.  When  the  pulse  is  very  slow^  the  pressure 
may  have  reached  almost  to  its  minimum  some  time  before  the  next 
stroke.  In  the  middle  pulse  of  the  second  sphygmogram  on  the  page 
mentioned  the  descent  during  the  last  one-third  of  the  diastolic  interval 
is  extremely  small. 

There  are  sphygmograms  which  represent  a  much  more  gradual 
rise  in  the  obliquity  of  the  upstroke,  but  there  is  a  possibility  of  in- 
strumental error. 

A  unique  observation  is  that  of  Auch6  and  Martin,^  who  examined 
a  man  who  was  subject  to  attacks  of  vertigo  and  who  had  habitually 
a  pulse  of  about  40,  by  means  of  the  radioscope.  They  say  "  the 
cardiac  contraction  is  brisk  and  does  not  last  longer  than  ordinary. 
Dilatation  is  rapid,  but  when  it  is  accomplished  the  heart  rests.  Dur- 
ing the  whole  of  the  long  pause  (^  grand  silence ')  it  is  impossible  to 
determine  the  least  contraction  or  auricles  or  ventricles.  There  is 
no  abortive  systole.'* 

On  some  sphygmograms  interpolated  beats  may  be  distinctly 
marked,  which  from  their  character  and  position  seem  to  correspond 
to  ventricular  contractions.  In  a  paper  by  Dr.  Putnam,*  not  upon 
this  subject  but  upon  the  pulsus  bigeminus  and  trigeminus,  sphygmo- 
grams are  given  where  three  successive  beats  grow  less  and  less,  so 
that  if  such  a  pulse  had  been  counted  only  by  the  strongest  pulsations 
it  would  have  been  at  the  radial  only  one-third  of  its  true  number  at 
the  heart. 

The  occurrence  of  abortive  beats  has  been  long  recognized  in  con- 
nection with  disease  of  the  heart  other  than  that  we  are  considering, 
especially  in  mitral  stenosis,  where  it  is  not  difficult  to  account  for  on 
mechanical  principles.  The  dropping  out  of  beats  appears  to  be  one 
method  of  formation  of  the  slow  pulse  from  the  normal,  the  interme- 
diate stages  having  been  observed,  as  if  the  heart  declined  to  continue 
a  useless  labor,  but  it  is  not  certain  that  it  is  the  only  one.  If  such 
intermediate  stages  have  existed  in  all  cases  they  have  certainly  not 

^  Transactions  of  the  Association  op  A>ibrican  Physicians,  1889,  p.  122. 

s  Gas.  Hebd.,  1896,  p.  87. 

'  New  York  Medical  Journal,  September.  1874. 
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been  observed.  Baumgarten'  mentions  the  case  of  a  yonng  man  dying 
of  diphtheritic  paralysis  of  the  heart,  where  the  development  of  a  slow 
pulse  of  25  from  a  frequent  and  irregular  one  was  traced  as  occarring 
in  this  way.  He  goes  on  to  remark  that  ''  the  very  rare  pulse  of 
atheroma  of  the  coronary  arteries — never  quite  regular — is  undoubt- 
edly  of  this  character.^^  I  should  doubt  if  it  were  always  developed  in 
this  way,  although  from  the  rarity  of  cases  in  which  the  development 
has  been  watched  from  the  beginning,  and  also  from  the  possibilities 
of  coronary  disease  existing  beyond  the  limits  usually  examined,  it 
would  be  impossible  to  disprove  it  from  recorded  cases.  An  interest- 
ing converse  may  be  found  in  the  action  of  digitalis.  Under  the  in- 
fluence of  this  drug  stimulating  the  vagus,  the  heart-beats  become 
gradually  slower  and  the  tension  rises.  When  overdoses  are  given 
and  poisoning  takes  place  lesser  beats  are  interpolated,  and  finally  a 
rapid  pulse  is  established. 

It  does  not  appear  that  in  the  slow  pulse  at  any  period  of  its  devel- 
opment, nor  in  the  recovery  firom  this  condition,  which  has  been 
sometimes  sudden  and  sometimes  gradual,  the  interpolated  ventricular 
beats  are  an  essential  feature,  although  they  may  occur  at  any  stage. 

Another  set  of  intermediate  pulsations  observed  at  the  heart,  and 
sometimes  in  the  jugulars,  but  not  at  the  radials,  seems  to  be  quite 
clearly  shown  to  depend  upon  contractions  of  the  auricles  which  go 
no  further,  and  are  not,  as  in  the  normal  condition,  followed  by  con- 
traction of  the  ventricles.  Pouzin^  refers  the  sound  to  the  closure  of 
the  auriculo ventricular  valves,  which  are  heard  separately  instead  of 
being  merged  in  the  other  missing  elements  of  the  first  sound.  Thej 
thus  mark  the  time  at  which  a  systole  should  occur,  but  does  not  Bris- 
towe^  observed  a  motion  imparted  to  the  stethoscope  placed  near  the 
base  of  the  heart  which  was  wholly  unattended  by  cardiac  sound  or 
pulsation  in  the  arteries. 

The  tracing  of  cardiac,  radial,  carotid,  and  jugular  pulsations  taken 
by  Yaquez  and  Bureau,^  in  a  case  of  slow  pulse  with  cardiac  sounds  not 
corresponding  to  anything  at  the  wrist,  but  attended  with  jugular  palse, 
as  well  as  those  of  Ghauveau,^  seems  to  put  the  occasional  existence  and 
proper  explanation  of  such  purely  auricular  pulsations  beyond  a  doubt 

1  Transactions  of  the  Association  of  American  PHYsiaANS,  1888,  p.  2S6. 

«  Th^se  de  Paris.  1898.  s  Lancet,  March,  1885. 

4  M6m.  Soc.  de  Biol.,  1893,  p.  170.  »  Rev.  de  MM.,  1886,  and  Lyon  MMIcal.  1888. 
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Whether  the  change  from  the  usual  to  the  slow  pulse  takes  place 
by  the  dropping  of  beats,  first  a  partial  failure  of  the  ventricular,  then 
the  total,  and  at  last  of  the  auricular,  is  not  certain.  Comparatively 
few  cases  have  been  observed  in  their  formative  stage,  but  in  some  it 
has  appeared  that  this  succession  has  been  observed.  In  others,  how- 
ever, there  is  no  reason  to  suppose  that  a  simple  elongation  of  the 
interval  should  not  have  occurred,  just  as  happens  when  a  very  fre- 
quent febrile  pulse  drops  down  to  normal. 

In  many  cases  the  first  observations  made,  some  of  them  at  an  early 
stage,  make  no  mention  of  intermediate  weak  beats. 

The  nervous  symptoms  of  the  paroxysms  vary  a  good  deal  in  form* 
and  severity.  They  do  not  always  preserve  the  same  type  even 
throughout  the  same  case,  varying  from  simple  vertigo  to  complete 
loss  of  consciousness,  with  convulsions.  In  a  few  cases  they  have 
been  described  as  epileptic  instead  of  epileptiform,  and  in  others — 
notably  the  original  one  of  Adams,  as  "  apoplectiform,"  with  the  re- 
mark that  they  are  not  followed  by  paralysis.  Different  forms  do  not 
seem  to  be  attached  to  any  special  train  of  cardiac  symptoms  or  car- 
diac conditions,  nor  can  the  prognosis  be  very  accurately  based  upon 
them,  as  there  have  been  instances  of  permanent  slow  pulse  where  the 
only  representatives  of  the  paroxysms,  although  genuine,  have  been 
so  slight  as  to  attract  little  attention,  and  yet  the  patient  has  died 
suddenly  in  another. 

Dyspnea  accompanies  many  attacks,  but  is  not  so  invariable  a 
symptom  as  we  should  expect  when  the  cardiac  function  is  so  ex- 
tremely depressed.  The  respiration,  except,  of  course,  in  the  cases 
where  convulsions  take  place,  is  more  likely  to  be  quickened  than 
slowed  to  correspond  with  the  heart. 

The  paleness  of  the  face  which  ushers  in  the  attack  has  been 
mentioned  in  many  histories. 

The  number  of  cases  which  I  have  included  in  the  first  table  on 
the  basis  of  the  symptoms  and  in  which  an  autopsy  has  been  made  is 
thirty-four. 

Naturally  the  records  vary  widely  in  completeness  and  possibly  also- 
in  trustworthiness,  but  in  very  few  of  them  has  there  been  any  satis- 
factory examination  of  what  we  cannot  help  regarding  as  a  very  im- 
portant if  not  essential  point,  that  is  the  nervous  supply  of  the  heart, 
especially  the  sympathetic  cords  and  the  intrinsic  ganglia  of  the  heart.. 
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To  anyone  who  has  sought  for  the  ganglia  among  the  cardiac 
plexuses  and  in  the  heart  itself  it  is  not  necessary  to  suggest  a  reason 
why  they  have  not  been  more  frequently  examined  with  modem  his- 
tologic methods.  Whether  the  fate  of  Dr.  Robert  Lee,  who  got  into 
much  trouble  with  the  Royal  Society  for  his  too  abundant  discoveries 
of  ganglionic  nerves,  has  had  any  discouraging  effect  on  wonld-be 
investigators  may  well  be  doubted.  In  our  more  liberal  times  ana- 
tomic results  rather  than  ethical  obstacles  have  probably  been  more 
effectual  in  keeping  these  structures  out  of  the  routine  of  the  ordinary 
postmortem,  and  as  typical  cases  are  among  the  rarities  of  clinical 
observations,  the  chances  of  the  right  case  falling  into  the  hands  of 
the  zealous  histologist  are  small.  These  structures  are  far  from  easy  to 
find  except  by  the  tedious  process  of  embedding  and  cutting  of  serial 
sections  from  the  regions  where  they  are  likely  to  be  found^  and  many 
sections  may  be  examined  without  finding  any. 

They  are  situated  in  the  septum  of  the  auricles  in  the  triangular 
space  bounded  on  each  side  by  the  diverging  walls  of  muscle,  and 
above  by  the  pericardium,  immediately  beneath  which  latter  they  lie, 
being  specially  grouped  above  the  foramen  ovale,  and  more  posteriorly 
where  the  septum  comes  down  to  the  sulcus  between  the  auricles  and 
ventricles.  They  are  said  to  extend  beyond  these  regions,  espe- 
cially along  the  sulcus,  and  probably  do  so  in  a  scattered  way,  but 
practically  these  are  the  best  localities  to  search.  They  are  not 
to  be  found  at  all  below  the  transverse  sulcus  in  man,  but  are  de- 
scribed by  some  authors^  as  occurring  over  the  upper  third  or 
two- thirds  of  the  ventricle  in  some  animals.  For  examination  in 
the  fresh  condition  they  may  be  found  by  dissecting  out  from  the 
appropriate  localities  pieces  of  nerve  and  tearing  them  apart  with 
needles.  This  is  not  a  very  certain  method,  as  many  pieces  may  be 
examined  without  success,  but  occasionally  one  may  get  in  this  way 
a  very  satisfactory  specimen.  I  have  once  in  a  very  emaciated  heart 
found  just  beneath  the  pericardium,  lying  over  the  top  of  the  auricle, 
a  couple  of  small  ganglia  the  size  of  very  small  pinheads. 

The  structure  of  these  ganglia  is  that  of  sympathetic  ganglia  in 
general,  consisting  of  from  one  (on  section)  cell  to  forty  or  fifty  or 
more  with  fibers  of  both  kinds,  white  and  gray.     The  cells  are  en- 

1  Kazem  Beck.   Cbl.  f.  med.  Wiss.,  1897.    Jacques:  Journal  de  I'Anat.  et  de  U  Physiolofto. 
1899,  vol.  XXX.  p.  633. 
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closed  each  in  its  capsule,  consisting  of  many  small  nucleated  cells. 
The  nerve  cells  have  a  very  finely  granular  or  rather  semiopaque 
parenchyma  less  pigmented  than  that  of  many  sympathetic  ganglia^ 
and  a  large  nucleus.  The  ganglia  resist  ivith  considerable  tenacity 
the  process  of  dilaceration.  These  ganglia  have  been  investigated  by 
a  considerable  number  of  histologists  in  various  diseases,  but  among 
them  there  have  been  few,  if  any,  cases  of  the  kind  we  are  con- 
sidering. They  are  as  follows :  Romberg  and  His  :^  Embryologic. 
Cardiac  ganglia  are  offshoots  from  the  sympathetic  and  remain  con- 
nected with  it ;  hence  can  be  only  sensitive. 

Dogiel :'  Anatomical. 

Schwarz^  showed  specimens  of  ganglia.  They  are  few  in  the  mam- 
malian heart,  situated  superficially  in  and  above  the  auriculo ventricular 
sulcus.  They  lie  mostly  in  the  neighborhood  of  the  mitral  valve. 
They  should  not  be  confounded  with  the  '^  mast  cells/'  which  are 
found  all  over  the  surface  of  the  ventricles  and  which  have  given  rise 
to  some  of  the  mistakes. 

Lubimoff  :*  Histology ;  many  drawings.  PathoTogic  changes  consist 
in  thickening  and  degeneration  of  the  cell  capsules.  Thickening  amy- 
loid degeneration,  and  metastases  (micrococci)  in  the  vessels,  and  de- 
generative changes  in  the  nerve  cells.  The  latter  in  adults  always 
contain  pigment. 

Ivanowsky,  Rudneff's  Journal  (Russian) — abstract  from  Putjatin 
(v.  i.) :  Observations  on  spotted  typhus.  Changes  chiefly  parenchy- 
matous, but  capsular  endothelium  often  swollen.  He  explains  by 
these  changes  the  heart  paralysis  which  caused  death  in  the  early 
periods  of  typhus. 

Putjatin^  examined  ganglia  in  three  groups  of  cases.  In  the  first 
two  groups  there  were  serious  organic  changes  in  the  heart.  In  the 
third  the  changes  were  dependent  on  constitutional  disturbances. 
Fibrous  intergrowth  in  ganglia.    Degenerative  changes  in  protoplasm. 

Uskow  :*  Changes  in  the  heart  ganglia  connected  with  hypertrophy 
of  muscle.  Chiefly  in  the  medullated  fibers,  which  lose  their  myelin 
sheaths  and  show  the  process  of  proliferation  of  the  nuclei.  The 
visible  changes  in  cells  are  limited  to  thickening  of  their  capsules  with 

I  Prager  med.  Wochenschrlft,  1890,  p.  831.  ^  Arch.  Mikr.  Anat.,  xy.  and  xx. 

«  Berl.  klin.  Woch.,  1898.  <  Virch.  Arch.,  1x1.  p.  145. 

«  Ibid.,  Ixxlv.  p.  461.  •  Ibid.,  xcl.  p.  453. 
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proliferation  of  the  capsular  nuclei.  If  certain  acute  diseases  occur 
the  changes  pass  on  to  parenchymatous  inflammation.  In  two  children 
with  diphtheria  he  found  no  changes. 

Kusnezow  :^  Changes  in  acute  and  chronic  endocarditis.  In  acate 
endarteritis  disease  of  the  ganglia  is  observed  in  the  form  of  inflam- 
matory granulation  formation^  increase  and  swelling  of  capsule— endo- 
thelium, and  albuminoid  and  fatty  degeneration  of  the  nerve  cells 
themselves.  The  changes  of  the  ganglia  situated  in  the  lower  part 
of  the  auricular  septum  depend  for  the  most  part  on  a  spread  of  the 
granulation  process  by  continuity  from  the  valves  to  the  fatty  tissue 
surrounding  the  ganglia.  Pigment  changes  are  not  always  physio- 
logic. Changes  in  the  muscle  substance  do  not  stand  in  most  cases 
in  direct  relation  to  the  changes  in  the  ganglia.  It  is  only  in  rare 
cases  that  it  is  possible  to  determine  in  a  pathologic-anatomic  way 
the  dependence  of  alterations  in  the  activity  of  the  heart  upon  dis- 
eases of  the  heart  ganglia. 

Winogradofi*:^  Degeneration  of  nervous  ganglia  of  heart  after 
chloroform  poisoning.  Granular  degeneration.  Changes  in  the 
automotor  heart  ganglia  in  hereditary  syphilis.  .Especially  marked 
in  the  interstitial  stroma  of  ganglia  and  accompanied  by  changes  in 
the  vessels  and  the  connective  tissue  surrounding  ganglia.  Changes 
of  ganglia  in  pneumonia. 

Wassiliefi*:^  Changes  in  heart  ganglia  in  lyssa.  Shrinkage  in  cap- 
sules from  edema. 

Ott  :*  There  are  no  ganglia  in  or  upon  ventricle.  They  are  in  the 
septum  of  the  auricles  and  also  in  circumference  of  auricles,  their 
number  diminishing  as  distance  from  septum  increases.  They  are 
especially  found  in  subpericardial  connective  tissue,  but  some  are 
found  embedded  in  muscular  substance. 

Two  types  of  alteration.  First,  development  of  connective  tissue 
substances  (progressive),  met  with  under  conditions  which  lead  to 
congestion  and  changes  of  size  in  the  heart. 

Second,  changes  in  the  nerve  cells  (regressive)  found  in  cases  with 
more  deeply  acting  qualitative  alterations  of  blood  (parenchymatous). 
Thirty-two  cases  were  examined,  in  nearly  all  of  which  some  form  of 

1  Virch.  ArchiY,  p.  132,  p.  I. 

2  Cbl.  f.  Chir.,  1884,  p.  847.  St.  Pet.  med.  Woch.,  Beilage,  p.  54.  Wlen.  Med,  Prewe,  1886,  No.  6. 
«  Cbl.  f.  med.  Wiss.,  1876,  p.  785.  *  Zeitschr.  f.  Heiikunde,  1888,  p^  271. 
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lieart  disease  was  present,  but  among  them  no  cases  of  very  slow 
pulse.  In  most  of  them,  where  the  clinical  phenomena  are  noted  at 
all,  the  pulse  was  rapid  and  frequently  irregular.  In  a  single  one  it 
is  noted  as  slow  and  rhythmic.  This  was  a  case  of  chronic  endocar- 
ditis, with  chronic  Bright*s,  etc.  The  heart  was  pale  and  flabby. 
There  was  increase  and  swelling  of  nuclei  of  the  sheath  of  Schwann, 
also  of  round  interstitial  cells.  There  were  many  ganglion  cells 
which  appeared  as  if  compressed  by  the  sheath  (im  Schwinden 
begriifen).  The  protoplasm  was  finely  granular.  In  some  cells  the 
nuclei  were  still  visible,  in  others  not. 

In  four  cases  where  the  degenerative  changes  in  the  nerve  cells 
were  very  marked  the  pulse  had  been  noted  as  follows : 

Tuberculosis,  and  many  other  lesions;  pulse  frequent,  strong, 
rhythmic. 

Pneumonia;  alcoholism;  pulse  frequent,  strong,  rhythmic. 

Acute  atrophy  of  liver ;  pulse  frequent,  weak,  rhythmic. 

Phosphorus  poisoning ;  pulse  frequent,  weak,  rhythmic. 

The  paper  of  Eisenlohr  I  have  not  seen,  but  judging  from  many 
references  to  it  his  results  are  much  like  those  of  Ott. 

The  two  balancing  systems  of  nerves  which  regulate  the  beat  of 
the  heart  take  their  origin  in  the  medulla  oblongata,  and  although  in 
a  manner  functionally  opposed,  their  centers  are  probably  quite  near 
to  each  other.^ 

From  this  region  they  take  different  routes,  that  of  the  regulatory 
or  inhibitory  passing  directly  in  the  vagus  to  the  cardiac  plexus,  and 
the  accelerator  or  augmentor  principally  down  the  cervical  cord  to  its 
lower  portion,  where  it  unites  with  the  stellate  ganglion  formed  by  the 
union  of  the  last  cervical  and  first  dorsal  sympathetic  ganglia,  which  in 
turn  sends  branches  to  the  cardiac  plexus.  After  the  cardiac  plexus  is 
formed  by  the  union  of  the  two  nerves  on  each  side,  joined  by  some 
smaller  filaments  from  the  upper  ganglia,  it  is  impossible  to  say  from 
what  source  any  special  bundle  is  derived.  The  cardiac  plexuses 
are  united  with  the  intrinsic  ganglia  of  the  heart  situated  as  already 
described,  breaking  up  into  smaller  and  smaller  branches,  and  are 
distributed  plentifully  over  the  heart  muscle. 

Anatomically  the  heart  muscle  agrees  neither  with  the  smooth  nor 
with  the  voluntary  muscular  fiber,  and  physiologically  stands  between 

1  Porter,  In  American  System  of  Physiology,  2d  edition,  p.  177. 
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them.  Although  having  striae  like  the  voluntary  muscle,  a  structnni 
condition  undoubtedly  connected  with  its  capacity,  or  rather  neces- 
sity, for  rapid  contraction,  yet  it  may  contract,  not  only  many  times 
but  rhythmically^  without  any  new  stimulus  from  the  nervous  centers, 
and,  so  far  as  can  be  seen,  without  assistance  from  nerve  cells  and 
perhaps  even  without  any  nervous  fibers. 

As  the  heart  is  simply  a  portion  of  a  hollow  tube  surrounded  by 
muscle  for  the  purpose  of  propelling  the  fluid  contents  to  the  next 
segment  beyond,  each  of  its  beats  may  be  looked  upon  as  the  analogue 
of  a  limited  peristaltic  wave,  such  as  propels  the  contents  of  the  intes- 
tinal  canal,  the  ureters,  or  the  uterus,  but  differing  from  these  in  the 
very  essential  point  of  rapidity  of  propagation. 

It  is  very  probable  that  the  intrinsic  ganglia  are  to  be  looked  upon 
not  as  exactly  automotor,  in  the  sense  of  initiating  independently  the 
cardiac  cycle,  as  has  been  assumed  by  many  writers ;  nor,  on  the  other 
hand,  as  exclusively  sensitive,  as  it  is  urged  upon  embryologic 
grounds  they  should  be;  but  reflex  centers  controlling  the  proper 
succession  of  impulses. 

They  are  thus  akin  to  the  local  regulatory  centers  connected  with 
various  organs  like  the  ophthalmic  ganglion  with  the  iris,  but  more 
especially  to  the  plexuses  of  Meissner  and  Auerbach  in  the  intestinal 
walls. 

Although  it  has  been  conclusively  shown  that  the  muscle  of  the 
ventricle  does  not  require  a  nervous  impulse  from  the  auricle  in  order 
to  contract  and  even  to  beat  rhythmically,  yet  the  nerves  passing 
from  the  cardiac  plexuses  over  the  auricle  and  through  its  ganglia 
to  the  ventricle  are  necessary  for  the  proper  correlation  of  their  beats 
and  making  their  contractions  effective  in  propulsion  instead  of  dis- 
orderly and  confused. 

These  small  ganglionic  centers  to  which  the  nerve  fibers  of  the 
auricles  and  ventricles  stand  in  the  relation  of  afferent  and  efferent 
conductors  are  under  the  control  of  both  the  vagus  and  the  sympa- 
thetic, the  latter  perhaps  supplying  a  constant  portion  of  potential 
energy,  or,  in  other  words,  keeping  up  their  reflex  tone  and  the  vagus 
controlling  its  discharge  and  regulating  the  intervals  at  which  it  shall 
take  place. 

In  Table  I.,  containing  the  cases  which  present  the  typical  Stokes- 
Adams  symptom  group  during  life,  and  which  were  examined  post- 
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mortem,  there  are  to  be  found  three  (Nos.  4,  9,  31)  where  a  distinct 
lesion  of  the  bulb  or  the  cervical  portion  of  the  cord  was  found^  or 
four^  including  the  horse  (34a). 

King'  states  that  a  lesion  in  this  region  is  the  ^^  only  known  cause 
of  slow  pulse,"  and  brings  forward  a  considerable  number  of  cases 
where  a  slow  pulse  was  connected  with  such  a  lesion  (Table  II.),  most 
of  which,  however,  were  not  subject  to  the  exacerbations  which  mark 
the  type.    He  admits,  however,  that  there  are  other  possible  causes. 

We  can  say,  as  to  brain  lesions,  that  intracranial  pressure  frequently 
produces  a  certain  amount  of  lowering  of  the  pulse-rate,  but  seldom  of 
an  extreme  degree,  and  also  according  to  Mr.  Hutchinson,  irregularity. 
This  kind  of  slow  pulse  may  arise  from  lesions  differing  in  kind  and 
position,  but  probably  all  producing  ultimately  a  pressure  on  the  bulb. 

Table  II.  makes  no  pretence  to  completeness,  and  it  could  undoubt- 
edly be  considerably  extended  by  a  reference  to  surgical  records  of 
injuries  to  the  cervical  vertebree  as  well  as  to  medical  reports. 

The  objections  to  considering  the  permanent  slow  pulse,  whether 
existing  as  a  single  symptom  or  making  a  part  of  Stokes-Adams  dis- 
ease, to  be  dependent  upon  the  irritative  lesion  involving  the  origin  of 
the  vagus  or  of  its  inhibitory  fibers  are  the  following : 

A  constant  irritation  rarely  lasts  so  long  and  with  so  little  change 
in  character  as  happens  in  these  cases.  Some  paralyzing  degenerative 
lesion  is  much  more  naturally  looked  for. 

In  health  the  pneumogastric's  function  is  to  hold  down  the  pulse 
within  certain  limits,  in  order  to  secure  the  most  advantageous  rate 
of  expenditure.  It  is  a  sort  of  check  upon  and  not  an  opponent  to 
the  activity  of  the  augmentor  nerves.  In  experiments  upon  mam- 
malians it  is  never  possible  to  hold  down  the  pulse  for  any  length  of 
time  by  stimulating  the  vagus.  After  a  short  pause  the  heart  begins 
to  beat  again  slowly,  and  then  resumes  its  usual  rate,  or  assumes  a 
new  regular  rate,  even  while  the  stimulation  of  the  vagus  is  still 
going  on. 

The  alkaloid  atropin  is  known  to  paralyze  the  inhibitory  function 
of  the  vagus  from  one  end  to  the  other.  If  atropin  is  given  in  a 
case  of  slow  pulse  dependent  upon  intracranial  lesions  irritating  the 
vagus,  it  quickens  the  pulse  materially,  but  in  the  cases  of  permanent 
slow  pulse  it  produces  at  most  only  a  very  slight  effect  or  none  at  all.^ 

1  Lancet,  1845,  vol.  ii.  *  Dehio.   St.  Petersburg  med.  Woch  ,  1892,  No.  1. 
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It  is  singular  that  this  well-known  property  of  atropin  should  not 
have  heen  utilized  for  diagnosis  before.  Atropin  and  belladonna  are 
recorded  as  having  been  used  in  a  considerable  number  of  cases  with- 
out benefit,  but  the  special  diagnostic  significance  of  this  seems  to 
have  been  overlooked. 

A  lesion  in  the  course  of  the  vagus  was  found  in  one  case  (No.  8), 
and  possibly  in  No.  1. 

In  Case  14  the  authors  consider  the  degenerative  vascular  changes 
in  the  brain,  which  they  found  most  marked  in  the  cerebellum^  to  be 
the  most  important.  It  will  be  seen  by  noting  the  condition  of  the 
brain  found  in  many  other  cases  that,  leaving  out  of  consideration  the 
general  atheroma  which  is  so  frequently  found  when  no  definite  symp- 
toms or  varying  symptoms  of  all  kinds  have  been  present,  and  which 
(the  atheroma)  may  or  may  not  have  involved  the  nutrient  arteries  of 
the  bulb,  we  have  nothing  by  which  to  connect  any  special  intra- 
cranial lesion  with  the  rapidity  of  the  pulse. 

Taking  the  four  cases  of  Table  I.  with  the  larger  number  of 
Table  II.,  some  of  which  are  very  clear  and  distinct,  we  find  little  to 
sustain  the  theory  that  the  permanent  slow  pulse  is  the  consequence 
of  an  irritative  lesion  of  the  bulb,  but  there  appears  a  very  evident 
connection  with  a  lesion  of  the  cord  lower  down — t.  «.,  from  just  below 
the  bulb  down  to  the  first  dorsal  vertebra,  as  has  been  clearly  pointed 
out  by  Charcot.*  A  narrowing  of  the  canal  at  the  occipital  foramen 
affects  the  cord  rather  than  the  oblongata.  The  cases  I  have  quoted  are 
lacking  in  a  minute  description  of  the  histologic  changes,  but  it  is  evi- 
dent in  many  of  them,  from  the  absolute  paralysis  of  sensation  and  mo- 
tion, that  all  fibers  were  thoroughly  involved.  The  lesion  was  in  all  cases 
situated  above  the  point  where  the  augmentor  fibers  leave  the  cord  to 
join  the  compound  or  stellate  ganglion  on  their  way  to  the  heart. 
There  can  certainly  be  but  little  doubt  of  the  existence  of  one  group 
of  cases  dependent  upon  a  paralyzing  lesion  of  the  augmentor  nenre- 
poles  within  the  cord. 

Lesions  of  the  stellate  cervicodorsal  ganglia  have  not  been  observed 
in  such  cases,  but  these  ganglia  have  been  very  seldom  examined. 

FrankeP  reports  a  case  in  which  he  found  them  seated  in  small 
abscesses  connected  with  a  limited  pleurisy,  but  the  symptoms  were 
not  such  as  to  have  any  bearing  on  our  subject,  being  largely  of  a 

1  8y8tc%me  Nerveux,  S6t.  li.  p.  135.  «  New  York  Medical  Recoiti,  June  16, 1900. 
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hysteric  character.     In  Prentiss'  case  I  examined  them,  but  foand 
nothing  characteristic. 

Hutchinson'  says  that  when  there  is  a  fracture  of  the  spinal  column 
high  up  the  pulse  diminishes  in  frequency  and  is  remarkably  large  and 
full,  and  remarks  upon  the  peculiar  impression  made  by  a  man  scream- 
ing with  pain  and  a  countenance  expressive  of  the  utmost  suffering 
and  anxiety,  but  whose  pulse  was  slow,  full,  and  deliberate — 48  in 
the  minute. 

The  cases  remaining  in  the  table  may  be  distributed  as  follows, 
with  reference  to  the  cardiac  and  vascular  lesions : 

Class  I. — Pericarditis.    Cases  5,  32. 

Class  II. — Group  1.  Valvular  lesions  and  simple  dilatation. 
Cases,  24,  25,  26,  27,  28,  30,  31,  32. 

Group  2.  Atheroma  of  aorta  and  general.  Cases  3,  6,  7,  12,  14, 
15,  17,  18,  20,  22,  23,  24,  25,  28,  29,  30,  33. 

Group  3.  Atheroma  of  coronaries.  Cases  3,  12,  18,  21,  24,  27, 
29,  30. 

Group  4.  Degenerative  change  of  the  muscles,  a.  Fatty.  Cases 
6,  13,  16,  17(?),  18,  21,  22,  24,  26,  29,  30(?),  33,  34.  b.  Fibroid. 
Cases  19,  20,  29,  32. 

Group  5.    Degenerative  changes  of  ganglia.     Cases  6,  32. 

Class  III. — Nothing  decisive.     Cases  1,  2,  7,  10,  11. 

In  Case  1  neither  the  aorta  nor  coronary  arteries  were  athero- 
matous.    The  heart  was  rather  large  and  firm. 

In  Case  7  the  coronary  arteries  were  normal.  The  aorta  was 
smooth,  except  a  few  small  plaques  of  atheroma  in  the  beginning  of 
the  thoracic  and  above  bifurcation. 

In  Case  10  the  results  were  completely  negative. 

In  Case  11  the  arteries  were  remarkably  free  from  atheroma  and 
the  coronaries  pervious. 

The  connection  of  slow  pulse  with  general  arteriosclerosis  is  an 
interesting  and  important  but  far  from  invariable  one.  A  greater  or 
less  amount  of  atheroma,  in  several  being  so  slight  as  to  have  prac- 
tically no  effect,  was  found  in  nearly  half  the  cases  in  my  table,  but 
it  is  well  known  that  by  far  the  greater  number  of  cases  of  arterial 
disease  are  attended  by  no  such  symptoms. 

The  same  things  are  true  of  the  muscular  degenerations,  espe- 

1  London  Hospital  Report,  vol.  ill.  p.  966. 
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ciallj  the  fatty^  of  which  the  more  common  symptom  is  rapidity 
and  irregularity.  The  fatty  heart  of  which  Kisch^  makes  the  slow 
pulse  a  rather  common  symptom  is  that  which  is  a  part  of  general 
corpulence  and  has  little  to  do  with  paroxysmal  bradycardia.  It  is 
only  dangerous  when  permanently  down  to  50  or  30,  which  is  very  rare. 

Much  weight  has  been  laid  upon  degeneration  of  the  coronaries, 
first  as  a  known  cause  of  the  muscular  lesions,  and  secondly  as  a 
possible  cause  of  a  possible  ganglionic  lesion.  It  is  recorded  in  eight 
of  the  thirty-four  cases.  The  connection  is  far  from  an  invariable  or 
even  extremely  frequent  one. 

Loomis^  makes  the  statement  that  *'  postmortem  studies  teach  that 
fatty  degeneration  of  the  heart  is  usually  associated  with  obstmctire 
changes  in  the  aorta  and  the  origin  of  the  coronary  arteries ;  while, 
as  I  have  already  stated,  fibroid  changes  are  usually  associated  with 
obstructive  changes  in  the  coronary  arterioles."  If  this  association 
is  a  frequent  one,  and  if  the  degeneration  of  the  ganglia  depends 
upon  obstruction  of  the  small  branches  of  the  coronaries  which  go  to 
feed  the  auricular  walls,  we  certainly  ought  to  find  a  very  frequent 
connection  of  slow  pulse  with  fibroid  degeneration,  which  is  not  the 
case.  Four  such  cases  are  in  our  table.  Hilton  Fagge,'  among  eleven 
autopsies  made  by  himself  where  the  walls  of  the  heart  were  in  a  con- 
dition of  fibroid  degeneration,  mentions  two  cases  as  having  had  a 
slow  pulse,  and  among  nineteen  others  found  in  the  records  of  the 
Society  finds  two,  which  are  those  mentioned  in  mv  table.  He  savs: 
"  My  cases,  however,  do  not  at  all  support  the  opinion  that  a  slow 
pulse  is  to  be  regarded  as  a  constant  or  even  a  frequent  result  of 
fibroid  disease.  These  are  problems  which  are  still  looking  to  minute 
anatomy  and  histology  for  their  solution." 

The  intrinsic  ganglia  of  the  heart  have  been  examined  in  but  very 
few  cases  of  this  kind,  and  in  only  one  microscopically  (Jona,  Case  32). 
That  was  not  a  typical  one,  inasmuch  as  mitral  stenosis  existed,  which 
is  likely  to  exhibit  an  apparently  slow  pulse  when  the  heart  is  beat- 
ing at  a  normal  rate ;  and,  indeed,  it  is  stated  that  the  heart  beat 
nearly  twice  as  fast  as  the  pulse  at  the  wrist ;  but  since  the  minimum 
pulse  (22),  even  if  nearly  doubled,  would  still  have  been  slow,  and  as 

^  Berl.  kiln.  Woch.,  1885,  p.  215. 

I  ^?^'^l^'^  °^  ^^®  American  CUmatological  Aasoclation.  1892,  p.  78. 
Transactions  of  the  Pathological  Society  of  London.  1»74,  p.  64. 
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other  observers  find  lesions  of  these  ganglia  in  specially  frequent 
association  with  valvular  lesions,  it  might  have  been  supposed  that 
there  would  have  been  degenerative  changes  of  the  ganglia.  But  the 
reporter,  who  made  a  very  careful  examination,  is  not  certain  that 
the  slight  changes,  chiefly  in  the  chromatin  of  the  cells,  indicated 
anything  more  than  such  functional  ones  as  have  been  found  in  other 
nerve  cells  from  fatigue.  Here  again  we  are  met  with  the  opposing 
fact  that  in  a  large  number  of  cases  in  which  both  sclerotic  and  degen- 
erative changes  in  the  ganglia  were  actually  found,  the  pulse  was  rapid 
and  usually  weak.*  Further  histologic  researches  are  required  when 
cases  presenting  the  appropriate  clinical  phenomena  arise. 

From  a  combination  of  the  positive  results  of  interference  with  the 
augmentor  nerve  fibers  higher  up  in  their  course — i.  e.,  from  fractures 
and  dislocations  and  one  or  two  cases  of  disease,  and,  on  the  other 
hand,  the  insufficiency  of  the  common  and  obvious  cardiac  lesions  to 
account  for  the  phenomena — it  may  fairly  be  said  that  the  permanent 
or  continued  alow  pulse  is  the  result  of  a  paresis  of  the  augmentor 
nervous  system^  depending  either  on  a  lesion  anywhere  in  its  course 
from  the  bulb  down  to  and  including  the  intrinsic  heart  ganglia,  or 
on  a  localized  weakness  which  in  acute  or  temporary  cases  would 
probably  leave  no  anatomic  traces  behind. 

In  the  medical  cases — i,  «.,  the  strictly  Stokes-Adams — it  may  be 
claimed  with  less  confidence,  but  still  with  considerable  probability, 
that  the  lesion  is  situated  in  the  auricular  ganglia  and  is  of  a  degen- 
erative character.  It  is  likely  to  be  dependent  upon  fatty  degenera- 
tion of  special  small  branches  of  the  coronaries,  destined  for  their 
nourishment.  Why  the  special  symptom  should  be  at  one  time  a 
rapid  and  at  another,  much  less  frequently,  a  slow  pulse,  is  probably 
dependent  on  the  extent  and  degree  of  advancement  of  the  degenera- 
tion ;  but  there  is  no  more  inconsistency  involved  than  in  the  closely 
allied  facts  of  degeneration  of  other  nerve  cells  where  we  have  absence 
of  reflex  excitability  succeeding  an  increase — anesthesia  to  hyperes- 
thesia or  dementia  to  excitement.  In  fact,  the  transition  from  rapid 
to  slow  has  been  noticed  in  some  of  these  very  cases,  and  also  in  con- 
nection with  the  action  of  certain  drugs.  A  very  notable  case  is  one 
reported  by  Platt,^  where  a  young  lady  recovering  from  pneumonia 
had  for  a  number  of  days  a  pulse  which  underwent  very  rapid  tran- 

1  Ott,  loc.  cit.  '  Transactions  of  the  American  Climatological  Association,  1892,  p.  59. 
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sitioDS,  by  the  dropping  of  successive  beats,  from  a  little  above  the 
normal  (110)  to  considerably  below  (48).  In  a  last  and  more  severe 
attack,  attended  with  much  prostration  and  vomiting,  the  pulse,  when 
it  could  be  counted  at  all,  went  down  to  40  or  50  for  several  hours  until 
it  changed  to  92  and  final  recovery.  In  this  case,  and  probably  in  many 
which  resemble  it  in  everything  except  the  rapidity  of  the  transitions, 
there  is  probably  a  good  deal  of  pncumogastric  influence  at  work. 

Watson  Williams/  in  a  paper  on  paroxysmal  tachycardia,  speaks  of 
a  case  of  pericarditis  where  the  pulse  fell  from  108  to  52,  then  to  24, 
and  sometimes  even  to  6.  In  another  case  the  tracings  showed  the 
occurrence  of  prolonged  asystole  during  attacks  of  tachycardia. 

The  slow  pulse  existing  when  there  is  evident  general  debility  and 
nothing  else,  as  in  convalescence,  dropping  below  the  normal,  to- 
gether with  the  temperature,  for  a  few  days,  as  well  as  the  low  tem- 
perature often  connected  with  the  chronic  cases,  points  to  a  condition 
of  local  cardionervous  debility. 

The  augmentor  system  is  in  a  condition  of  diminished  resistance 
as  regards  the  action  of  the  pncumogastric,  which  is  simply  a  regu- 
lator when  the  augmentors  have  their  proper  tone,  but  which,  when 
their  resistance  is  pathologically  diminished,  goes  beyond  the  due 
balance  of  forces  and  produces  the  phenomena  of  the  still  slower  pulse. 
Whether  the  original  development  of  these  conditions  is  due  to  a 
simple  progressive  increase  of  degenerative  changes  which  have  im- 
perceptibly reached  the  effective  degree,  or  to  a  rapid  exhaustion  of 
nerve  centers  by  excessive  stimulation  analogous  to  the  dilatation  of 
the  heart  muscle  under  excessive  exertion,  cannot  now  be  answered 
by  anatomy.  A  sudden  shock  is  capable,  judging  by  symptoms,  of 
producing  impairment  of  function  which  requires  days  or  weeks  to 
recover  from  or  which  may  be  permanent ;  but  it  is  not  known  at 
what  point  the  slight  temporary  changes  which  have  within  the  last 
few  years  been  found  in  so  many  nerve  cells,  as  a  consequence  of 
fatigue,  pass  into  the  degenerative  ones  that  mark  a  chronic  disa- 
bility. 

Without  regard  to  the  anatomic  findings,  there  are  some  physio- 
logic observations  which  show  a  very  close  analogy  between  the 
formation  of  the  slow  pulse  in  those  cases  in  which  the  intermediate 
beats  continue  to  be  feebly  represented,  and  the  action  of  the  vagus. 

^  Bristol  Medical  Jouroal,  ISSTJ,  p.  122. 
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It  was  foond  by  Chauveau/  and  also  by  Vaqaez  and  Bureau,^  that 
certain  small  intermediate  beats  which  coald  be  seen  in  the  cardio- 
gram and,  synchronously  with  this,  in  the  jugular  pulsations  were 
referable  to  auricular  contractions  which  were  not  communicated  to 
the  ventricle,  and  this  condition  of  things  was  compared  to  what  is 
found  when  the  vagus  of  the  horse  is  weakly  stimulated — that  is,  the 
inhibition  of  the  ventricular  contractions,  while  the  auricular  are  but 
little  affected. 

Pouzin^  gives  the  same  explanation  of  the  weak  beats,  and  Bristow^ 
also  suggests  it  without  coming  to  a  decision.  Of  course,  this  condi- 
tion is  fairly  referable  to  the  want  of  efficient  reflex  nervous  connection 
between  the  auricle  and  ventricle,  and  it  is  not  only  possible  but  highly 
probable  that  this  connection  may  be  impaired  not  only  by  a  perma- 
nent degeneration  of  the  ganglia  but  by  the  temporary  interference 
of  the  pneumogastric. 

Moritz^  describes  a  case  where  there  was  a  jugular  venous  pulse 
of  76  to  78,  with  a  radial  of  30,  and  a  number  of  weak  tones  in  the 
heart.  He  entitles  this  ^^  one-sided  bradycardia,"  and  thought  it 
ought  to  have  been  due  to  a  syphilitic  neoplasm  at  the  ventricular 
septum,  but  it  seems  much  more  like  another  instance  of  auricular  pul- 
sations persistent  after  the  ventricle  has  taken  up  a  slower  rhythm — 
i.  e.y  that  the  heart  was  cut  in  two  functionally  in  the  transverse 
instead  of  the  longitudinal  direction. 

It  has  been  shown,  as  already  stated,  that  the  point  of  the  heart, 
if  fed,  may  be  made  to  beat  not  only  irregularly  but  rhythmically, 
but  it  is  also  found  that  when  the  ventricle  has  been  ^'crushed  off'' 
by  a  tight  thread  the  rhythm  of  the  ventricle  is  no  longer  the  same  as 
that  of  the  auricle. 

Langendorff  ^  even  claims  that  such  slight  relations  between  the  two 
segments  of  the  frog's  heart  after  the  ligature,  as  are  shown  by  a 
"regular  succession  of  auricular  beats'* — i.  e.,  a  number  of  auricular 
without  effect  on  the  ventricle,  and  then  one  auricular  followed  by 
one  ventricular,  which  sends  along  a  wave  of  blood  through  the  aortas, 
are  due  to  imperfect  crushing  that  has  spared  some  fibers. 

Kronecker^  also  states  that  stimulation  can  be  conducted  (in  the  dog's 

1  Refvae  de  Med.  and  Lyon  Med.,  1883.  -  Mt'in.  Soc.  de  Biol.,  1898. 

s  Paris  Thesis.  1898.  *  Lancet,  1885. 

»  St.  Petereb.  med.  Wochenschr.,  1897,  p.  TOl.  •  Arch.  f.  Anat.  und  Phys.,  1884,  snppl. 
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heart)  from  auricles  to  ventricle  by  a  single  nervous  bundle,  and  when 
this  is  ligatured  the  ventricles  beat  independently  some  three  times 
slower  until  death. 

These  temporary  and  experimental  resemblances  of  action,  how- 
ever, do  not  remove  one  of  the  main  objections  to  applying  the  vagus 
theory  to  the  permanent  slow  pulse,  namely,  that  its  inhibitory  action 
is  short,  and  soon  overcome  by  normal  augm enters. 

The  paroxi/smal  manifestatiami  of  Stokes-Adams  disease  fit  in 
much  more  easily  with  a  theory  of  vagus  irritation  than  does  the  per- 
manent condition.  Such  a  theory,  applied  only  to  the  paroxysms, 
calls  for  no  lesions,  gross  or  microscopic,  of  the  bulb,  since  it  is  only 
a  reflex  center  whence  the  inhibitory  impulse  takes  its  origin  by 
transformation  of  any  temporary  sensory  irritation  within  or  without 
the  nervous  centers.  Debove^  reports  the  case  of  a  patient  whom  he 
had  observed  for  some  years  with  a  pulse  of  36,  who  died  in  syncope; 
nothing  is  said  of  the  presence  of  any  paroxysm  previously.  The  bulb 
was  found  perfectly  healthy,  the  pneumogastric  nuclei  being  specially 
examined  by  the  microscope.  The  pneumogastric  nuclei  were  exam- 
ined microscopically  in  Prentiss'  first  case,  although  without  the  most 
delicate  methods  now  in  use,  the  result  being  negative. 

A  very  interesting  case  given  by  Romberg,*  from  Heine,  at  too 
great  length  to  be  quoted  in  full,  shows  the  probable  action  of 
the  vagus  in  producing  a  temporary  cessation  of  the  heart's  pulsa- 
tion. 

A  man,  aged  thirty-six  years,  stated  that  his  heart  often  stood  still. 
At  his  next  visit  he  was  able  to  demonstrate  the  fact,  for  there  was 
an  intermission  of  five  or  six  beats  of  the  heart  and  of  the  pulse.  The 
aspect  of  the  patient  showed  that  at  the  time  something  terrible  was 
going  on  within  him ;  he  sat  there  as  if  thunderstruck,  speechless, 
motionless,  his  eyes  wide  open,  his  consciousness  unimpaired.  He 
had  a  violent  pain  at  these  times  on  both  sides  of  the  thorax,  extend- 
ing to  the  neck  and  head.  He  knew  of  nothing  except  mentiil  emo- 
tions, which  had  a  tendency  to  produce  the  attacks,  which  were  much 
more  frequent  on  some  days  than  on  others. 

The  most  accurate  examination  of  the  heart  during  the  free  intervals 
failed  to  demonstrate  any  abnormality  in  the  rhythm,  the  sounds,  aud 

»  Soc.  M6d.  des  H6p.  de  Paris,  1888,  p.  441.  «  8yd.  Soc.  Tians.,  vol.  iii.  p.  34a 
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the  extent  of  the  cardiac  dulness.     He  lost  strength,  had  vertigo,  and 
died  in  a  state  of  sopor. 

The  autopsy  was  made  with  great  care  by  Rokitansky. 

The  nervous  cardiacus  magnus,  whidi  ascends  from  the  plexus 
lying  between  the  descending  aorta  and  the  pulmonary  artery,  was 
woven  into  a  black  knot  of  the  size  of  a  hazel-nut  by  the  lax,  pale- 
grayish  cords  forming  the  cardiac  nervous  plexus ;  before  its  entrance 
into  the  knot  the  nerve  was  thickened.  The  branches  of  the  left  vagus, 
which  descend  upon  the  anterior  side  of  the  left  bronchus  to  the  pul- 
monary plexus,  proved  to  be  dragged  in  the  same  way  by  an  under- 
lying nodulated  dark-blue,  lymphatic  gland.  The  heart  was  of  the 
usual  size  and  tough.  There  were  other  enlarged  and  cretaceous 
lymphatic  glands,  one  of  which  interrupted  the  phrenic  nerve.  The 
solar  ganglion  was  very  large.  There  were  many  pathologic  changes 
in  the  brain  and  cervical  spinal  cord. 

The  pneumogastric  is  more  eflfectual  in  reducing  the  activity  of  the 
heart's  beat  in  proportion,  '*  as  the  augmentor  system  is  weaker.  It 
is  possible  to  greatly  slow  or  even  stop  the  heart  in  a  weak  animal  by 
the  use  of  a  stimulus  which  in  the  vigorous  is  unable  to  do  more  than 
cause  a  comparatively  slight  and  transient  slowing,  followed  by  a  rapid 
and  immediate  escape.  The  heart  of  a  dog  or  cat  weakened  by  re- 
peated inhibition  very  frequently  toward  the  end  of  the  experiment 
shows  itself  unable  to  escape  effectively  to  a  regular  rate  and  force  of 
beat."^ 

These  physiologic  observations  show  how  the  paroxysms  in  a  case 
of  slow  pulse  may  be  developed  by  causes  which,  acting  against  aug- 
mentors  of  normal  resistance,  would  be  inoperative. 

If  there  were  any  increased  reflex  susceptibility  on  the  part  of  the 
vagus,  it  would,  of  course,  increase  the  intensity  of  the  phenomena, 
but  such  an  increase  is  not  demanded  by  the  hypothesis. 

Some  very  suggestive  experiments  by  Mayer  and  Pribram^  illustrate 
the  efficiency  of  what  is,  in  such  cases  as  we  are  able  to  assign  any 
definite  cause,  one  of  the  most  common  causes  of  the  paroxysms — i.  e., 
digestive  disturbances.  By  the  aid  of  the  usual  registration  methods 
they  determined  the  action  of  gastric  irritation  in  increasing  the  gen- 
eral vascular  tension  and  in  lowering  the  rate  of  the  pulse.     This 

«  Hough :  Journal  of  Physiology,  1893,  p.  161.  s  stzber.  der  Wien.  Akad.,  1872.  p.  104, 
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seemed  to  be  due  more  to  action  upon  the  muscular  and  serous  coat» 
of  the  stomach  than  on  the  mucous,  for  irritation  of  the  latter  by 
chemical  irritants  or  by  cold  had  no  effect  upon  the  pulse,  while  with- 
electric  or  mechanic  irritants  applied  to  the  outside  it  was  decided. 

The  most  interesting  observation  as  most  closely  simulating  that 
condition  which  holds  so  prominent  a  place  among  our  ^'  gastric  griefs 
and  peristaltic  woes'* — i,  e.,  flatulence— depended  upon  the  introduc- 
tion of  a  rubber  balloon  into  the  stomach,  and  as  the  dilatation  of  this 
increased  and  diminished,  so  did  the  vascular  tension,  while  the  fre- 
quency of  the  pulse  varied  in  the  opposite  direction. 

It  would  be  very  desirable  to  apply  the  atropin  test  during  the 
paroxysm  for  the  purpose  of  deciding  in  each  case  how  far  the  two 
factors  of  weakened  augmentors  and  irritated  pneumogastric  might 
be  involved,  but  so  far  as  I  have  found  this  has  not  often  been  done. 
I  regret  extremely  that  I  have  not  done  it  myself  when  the  oppor- 
tunity offered.  One  case,  however,  seems  to  be  in  accordance  with 
the  theory. 

Kinkead^  was  called  to  see  a  man  who  was  taken  sick  one  evening 
with  faintness  and  pain  in  the  stomach,  but  without  vomiting.  The 
pulse  was  at  first  regular,  but  after  another  attack  of  faintness  it 
became  intermittent.  The  next  day  he  vomited  and  had  acute  pain 
on  pressure  just  below  the  ensiform  cartilage,  and  the  pulse  had  fallen 
to  6  per  minute.  The  physician  watched  him  for  an  hour,  phonen- 
doscope  over  the  heart,  finger  on  pulse,  and  watch  in  hand,  while  the 
pulse  beat  at  this  rate.  Atropin  was  injected  hypodermically  and  a 
mustard  leaf  placed  over  the  stomach.  After  about  an  hour  the  faint 
feeling  passed  off,  the  pain  at  the  pit  of  the  stomach  got  better,  and 
the  next  morning  the  pulse  was  72.  One  cannot  help  regretting  that 
he  did  not  watch  for  another  hour  with  the  phonendoscope. 

A  day  or  two  later  there  was  a  little  tendency  to  irregularity,  the 
joints  became  painful  and  swollen,  but  were  relieved  by  salicylate  of 
soda,  after  which  there  was  no  further  trouble. 

After  looking  over  a  considerable  number  of  cases  one  finds  that 
the  origin  or  causes  of  this  condition  stated  are  so  vague  or  so  gen- 
eral in  the  great  majority  of  them,  that  any  attempt  at  statistics 
would  have  only  an  apparent  precision.     But  it  seems  quite  evident 

»  Dublin  Journal  of  Medical  Science,  1898,  p.  4. 
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in  looking  at  the  list  of  cases  with  autopsy  that  essentially  the  same 
causes  have  been  at  work  as  in  the  degenerative  diseases  of  the  heart 
in  general,  except  so  far  as  valvular  disease,  the  result  of  acute  rheu- 
matism, is  concerned  as  an  important  factor,  and  even  this  is  not 
entirely  absent.  The  wear  and  tear  of  life  in  general  are  undoubt- 
edly not  without  their  effect,  and  alcohol  also,  but  bradycardiacs 
are  not  to  be  found  especially  numerous  among  those  who  have  suf- 
fered more  than  their  neighbors,  or,  on  the  other  hand,  among  those 
who  have  drowned  their  sorrow  in  the  flowing  bowl.  Severe  bodily 
efforts,  not  necessarily  extremely  prolonged,  and  mental  and  emotional 
strain,  come  the  nearest  to  being  frequent  causes.  The  first  of  these 
is  interesting  in  connection  with  the  observations  of  Allbutt,  Da  Costa, 
Leyden,  and  others,  where  great  strain  with  heavy  weights  and  under 
conditions  involving  fixation  of  the  thoracic  muscle  is  a  potent  cause 
of  dilatation  and  disease  of  the  heart,  but  entirely  without  the  clinical 
phenomena  of  the  cases  now  under  discussion.  The  latter,  t.  «.,  psychic 
causes,  have  an  interest  as  being  frequently  invoked  in  the  origin  of  a 
condition  almost  the  opposite,  that  is.  Graves'  disease  with  its  ex- 
tremely rapid  pulse.  It  would  seem  that  if  certain  shocks  bringing  to 
bear  a  strain  upon  the  heart,  and  finding  it  in  a  condition  of  unstable 
equilibrium,  were  liable  to  disturb  its  rhythm  in  either  direction. 

Is  the  determining  factor  in  such  cases  an  augmentor  paresis 
already  present  or  closely  impending  ? 

A  case  reported  by  Striibing^  is  a  very  interesting  one  as  showing 
quite  clearly  the  origin  of  a  well-marked  instance  of  this  kind  at  a 
much  earlier  age  than  usual. 

A  boy,  aged  fifteen  years,  well  built  and  nourished,  was  fairly  well 
and  strong,  except  that  he  did  not  easily  keep  up  with  the  other  boys 
in  running.  On  one  occasion  he  ran  a  considerable  distance,  not  to 
be  late  at  school,  was  attacked  by  vertigo,  and  his  face  grew  pale. 
He  fainted  and  lost  consciousness,  but  after  awakening  with  a  head- 
ache, walked  home  and  went  to  bed,  where  he  had  another  attack, 
with  loss  of  consciousness  and  convulsions.  This  was  the  beginning 
of  a  series  of  attacks  which  involved  no  dyspnea  or  palpitation,  but 
vertigo  and  headache.  The  heart  was  enlarged.  The  pulse  usually 
16  to  18,  the  contractions  not  of  the  same  strength  or  same  interval,. 

1  Deutscb  med.  Woch.,  1893. 
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dicrotic(?)  (dicrotism  is  very  rarely,  if  ever,  seen  in  a  well-marked  case 
of  this  kind,  and  in  the  tracings  given  in  this,  although,  to  be  sare, 
they  were  taken  at  a  later  period,  there  is  not  the  slightest  trace  of 
it).  There  were  several  occasions  of  improvement  and  a  falling  back, 
psychic  excitations  being  of  distinct  effect  in  bringing  on  severe  symp- 
toms, with  a  pulse  of  14  or  12.  With  great  care,  especially  as  to  effort, 
the  pulse  gradually  rose  to  44  at  one  time,  but  there  were  other  re- 
lapses, and  he  finally  died.  At  last  a  systolic  murmur  developed.  In 
Prentiss'  case  there  had  been  heavy  lifting.  Other  cases  are  to  be 
found  in  the  tables. 

In  the  etiology,  as  well  as  in  other  points,  we  find  the  weak  heart 
with  slow  pulse  coming  very  close  to  the  weak  heart  with  rapid  and 
irregular  pulse.  Leyden,^  after  speaking  of  the  symptoms  of  heart 
disease  arising  from  overexertion,  including  irregular  pulse  and 
'^  pulse  more  frequent,  or  easily  made  so,"  mentions  a  rare  group 
of  cases  of  exhaustion  connected  with  a  slowing  of  the  pulse  to  40 
or  30,  and  gives  several  cases.  Sexual  excesses  are  mentioned  in  a 
general  way  by  some  writers.  My  own  experience  would  not  point 
strongly  in  this  direction,  and  I  have  found  it  mentioned  distinctly 
but  once  in  connection  with  the  special  case.  There  is  no  reason,  of 
course,  why  it  should  not  be  placed  among  other  depressing  agents. 

Saurel  has  written  a  thesis  (Paris)  on  the  permanent  slow  pulse  in 
general  and  in  particular  in  surmenage  et  V anemic^  but  his  cases 
relate  more  definitely  to  the  latter  factor. 

Prognosis.  The  moderately  slow  pulse  of  convalescence  or  in  the 
course  of  acute  diseases,  especially  in  rheumatism,  is  particularly  of 
little  importance,  not  adding  to  the  gravity  of  the  cases,  as  judged  by 
other  symptoms.  It  is  usually  quite  temporary  under  these  circum- 
stances. The  same  may  be  said  of  its  occurrence  with  a  slightly 
lowered  temperature  in  mere  debility. 

The  permanent  slow  pulse  should  lead  to  careful  inquiry  into  the 
condition  of  the  heart ;  and  the  presence  of  nervous  symptoms,  even 
so  slight  as  transitory  vertigo,  would  materially  affect  the  prognosis. 
There  are  a  good  many  of  what  may  be  called  acute  or  subacute 
oases,  which  improve  not  only  as  regards  the  nervous  symptoms,  but 
also  in  the  frequency  of  the  pulse  within  a  few  days  or  weeks.     They 

>  Zeitechr.  f.  klin.  Med.,  1886,  p.  105. 
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are  usually  cases  which  originate  in  some  special  strain,  and  the 
recovery  is  complete. 

Another  group,  and  these  are  especially  elderly  or  aged  persons, 
get  rid  of  the  nervous  symptoms,  and,  living  a  moderate  life,  experi- 
ence no  inconvenience  from  the  slow  pulse,  which  remains  the  same. 
They  are  not,  however,  to  be  looked  upon  as  completely  well,  and  are 
liable  to  a  return  of  the  paroxysms  under  bodily  or  mental  stress  or 
even  without  special  known  cause.  The  cases  where  very  slight  nervous 
symptoms  still  persist  are  to  be  classed  with  these. 

In  the  fully  developed  disease,  cases  where  the  nervous  symptoms 
remain,  but  perhaps  leave  the  patient  fairly  comfortable  in  the  inter- 
val, are  eminently  uncertain.  No  insurance  company  would  look  at 
them  for  a  moment,  and  yet  instances  are  by  no  means  unknown 
where  they  live  for  years. 

An  instance,  however,  is  reported  by  Flint,^  in  which  a  man  whose 
pulse  was  supposed  to  have  been  slow  for  many  years,  and  who  had 
epileptiform  convulsions,  was  not  only  looked  at  by  an  insurance  com- 
pany but  accepted,  nine  and  eight  years  before  Dr.  Flint  saw  him.  A 
little  doubt  is  thrown  upon  the  genuineness  of  this  case  as  an  instance 
of  Cheyne-Stokes  by  the  fact  that  in  the  convulsions  the  pulse  be- 
came rapid  instead  of  slower. 

Some  writer  has  mentioned  three  and  a  half  years  as  the  proba- 
bility of  life,  but  a  calculated  average  of  that  kind  can  have  very  little 
value,  except  as  a  matter  of  statistics.  The  study  of  the  individual 
case^  and  in  particular  the  severity  of  the  symptoms  and  condition  of 
the  pulse  during  the  paroxysms,  would  give  much  more  important 
results.  The  great  majority  of  such  cases  die  during  a  paroxysm. 
The  longest  period  I  have  seen  mentioned  was  in  a  case  of  Osier's — 
thirty  years. 

Huchard^  calls  attention  to  three  sets  of  cases.  Those  in  which 
there  is  no  permanent  slow  pulse,  but  which  correspond  to  the  type 
in  the  occurrence  of  the  nervous  attacks,  the  pulse  at  the  time  being 
slow.  In  these  it  may  be  supposed  that  the  accelerators,  while  suffi- 
cient to  carry  on  the  beats  at  the  ordinary  rate  under  ordinary  cir- 
cumstances, are  so  near  the  point  of  yielding  that  the  vagus  easily 
overcomes  them.     Case  64. 

1  American  Pmctltioiier,  vol.  xlll.  p.  1.  '  Archives  G(^n.,  1895,  p.  267. 
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Those  in  which  the  nervous  symptoms  are  but  slightly  marked, 
transient  attacks  of  vertigo  or  weakness.     Case  65. 

What  he  calls  ''  associated/'  which  are  simply  the  occurrence  of 
Stokes-Adams  with  something  else,  without  any  special  connection 
between  them,  or  at  least  only  such  as  is  very  common  with  other 
forms  of  heart  disease,  either  the  renal  setting  up  the  cardiac,  as  hap- 
pens in  some  cases,  interstitial  nephritis  or  the  vascular  degeneration 
lying  at  the  foundation  of  both ;  or,  on  the  other  side,  the  kidney 
suffering  from  congestion.  Such  a  case  is  reported  by  Whitridge.' 
An  important  therapeutic  observation  gives  rise,  as  has  happened 
often  enough  before,  to  rather  a  loose  piece  of  pathologic  classifica- 
tion. Several  cases  are  called  ^^  uremic,"  in  which  this  diagnosis  rests 
solely  on  the  scanty  urine  and  the  great  improvement  which  takes 
place  on  a  milk  diet  and  consequently  increased  excretion. 

The  treatment  of  the  permanent  slow  pulse  consists  in  rest,  which 
is  to  be  more  or  less  complete  according  to  the  special  case,  from  the 
most  absolute  upward.  Diet,  tonics,  and  such  regulated  exercises  as 
have  been  found  beneficial  in  other  forms  of  heart  disease  are  also  of  ose 
here.  Cardiac  tonics  have  been  found  of  some  value,  although  there  is 
no  specific.  The  nitrites  have  been  favorably  mentioned  in  some  cases. 
Digitalis,  the  beneficial  action  of  which  in  most  cases  of  heart  disease 
consists  in  its  slowing  the  pulse,  has  in  a  few  cases  resulted  in  quicken- 
ing that  which  is  already  too  slow,  an  action  which  it  is  not  difficult  to 
understand  when  we  recollect  that  the  tonic  action  of  this  drug  con- 
sists not  only  in  increasing  the  activity  of  the  pneumogastric  and  the 
vasomotors  but  to  a  certain  extent  that  of  the  augmentors  also.  Id 
these  cases  it  may  happen  that  the  balance  is  so  adjusted  that  the 
latter  effect  outweighs  the  former. 

Belladonna  has  proved  a  distinct  failure  for  the  treatment  of  the 
permanent  slow  pulse. 

The  prophylaxis  of  the  paroxysm  consists  in  carefully  adjusting 
the  load  to  the  weakened  muscular  system  that  has  to  carry  it,  and  in 
avoiding  the  causes  of  exciting  the  reflex  activity  of  the  vagus,  in 
particular  muscular  strain  and  digestive  disturbance.  Potassium 
bromide  has  been  suggested  on  theoretic  grounds  to  diminish  reflex 
activity. 

1  Boston  Medical  and  Surgical  Journal,  1900,  p.  829. 
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In  the  developed  paroxysm  cardiac  stimulants  like  ammonia  and 
the  nitrates  are  to  be  used,  and  especially  atropin,  which  should  be 
given  subcutaneously  in  the  dose  of  one  or  two  milligrams.  The 
recumbent  posture,  of  course,  favors  the  return  of  blood  to  the  brain. 
One  patient  found  that  he  could  ward  off  the  fits  by  getting  on  his 
hands  and  knees  and  allowing  his  head  to  hang  down. 

Oomby^  reports  several  cases  of  slow  pulse  in  old  persons  where  the 
syncopal^  epileptiform,  and  vertiginous  attacks  disappeared  on  rest 
and  good  feeding  without  change  of  pulse. 

1  La  Semalne  MMicale,  1892,  p.  265. 
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THE  PRODUCTION  OF  SARCOSPORIDIOSIS  IN  THE 
MOUSE  BY  FEEDING  INFECTED  MUSCULAR 

TISSUE.^ 


By  THEOBALD  SMITH.  M.D., 

GEORGE  FABYAN   PBOFE880R  OP  OOMPARATIVE  PATHOLOGY  IN  HARVARD  XJVlVEBSm. 


Since  the  discovery  of  sporozoan  parasites  belonging  to  the  order 
now  known  as  Sarcosporidia  in  the  muscle  fibers  of  the  house  moose 
by  Miescher,  in  1843,  many  other  mammals,  and  not  a  few  birds,  have 
been  found  to  harbor  them.  Some  species,  like  the  one  described  by 
Miescher,  are  quite  conspicuous  to  the  naked  eye  in  the  ultimate  stage 
of  development.  Certain  others,  including  those  of  swine,  are  micro- 
scopic. Those  of  cattle  may  be  seen  as  barely  visible  whitish  specks 
when  situated  beneath  the  endocardium.  Some  of  the  species  found 
in  birds  are  fairly  conspicuous,  as  shown  by  the  dimensions  given  by 
Stiles.^ 

The  record  of  sarcosporidiosis  in  man  is  meagre  and  in  part  uncer- 
tain in  value.  Only  two  cases,  one  described  by  Kartulis^  and  one 
by  Baraban  and  Saint  Remy,*seem  to  be  genuine.  In  those  of  Linde- 
mann*^  and  Rosenberg^  the  diagnosis  must  remain  doubtful.  The  case 
of  Kartulis  was  that  of  a  Sudanese.  An  abscess  had  formed  in  the 
liver  and  had  extended  to  the  abdominal  wall.  The  sarcosporidia 
cysts  were  found  in  considerable  numbers  both  in  the  liver  and  in  the 

1  Owing  to  unavoidable  delays  the  Ulustrations  for  this  paper  oould  not  be  reproduced  in 
time  lor  the  Tkansactions.  They  will  appear  with  the  text  In  the  current  volume  of  ibc 
Journal  of  Experimental  Medicine. 

2  On  tl  e  Presence  of  Sarcosporidia  in  Birds.  BuUetln  No.  8,  Bureau  of  Animal  Indusoy, 
WashinKlon,  1893. 

a  Zeilschrift  f.  Hygiene,  1893,  xiil.  p.  1. 

*  Bibliograpliie  analoraiqne.  1894,  p  79;  Comptea-rend.  Soc.  Biol.,  1894,  p,  201. 

*  Dcutsch  Zeilschrift  f.  Staatsarzneikunde,  1868,  n.  F.  xxvl.  p.  326. 
«  ZeiUichrift  f.  Hygiene,  1892,  xl.  p.  435. 
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periphery  of  the  abscess.^  Baraban  and  Saint  Remy  found  genuine 
sarcosporidia  cysts  in  the  muscular  fibers  of  the  vocal  cords  of  an 
executed  criminal.  The  cysts,  from  0.077  mm.  to  0.168  mm.  in 
diameter,  were  chambered,  and  each  chamber  filled  with  falciform 
bodies  or  sporozoites.  These  two  cases  indicate  that  some  one  or 
more  of  the  muscle  parasites  of  the  lower  animals  may  reach  maturity 
in  the  human  subject. 

This  brief  epitome  of  sarcosporidiosis  in  man  leaves  to  this  subject 
but  little  that  is  of  immediate  practical  importance  to  human  pathology. 
It  should  not  be  forgo tten,  however,  that  the  muscular  system  in  man 
is  not  subjected  to  that  scrutiny  which  the  viscera  undergo  in  patho- 
logic inquiries,  and  that  sarcosporidia  may  be  present  and  yet  not 
be  recognized.  As  in  trichinosis,  the  invasion  may  be  overlooked  or 
the  attending  symptoms  misinterpreted,  and  the  subsequent  quiescent 
stage  fail  to  arouse  any  attention.  The  fact  that  the  etiology  of  acute 
primary  polymyositis  is  still  unsettled  should  lead  to  more  careful 
examination  of  the  muscular  system  as  a  part  of  pathologic  routine 
work.  It  is  not  improbable  that  invasion  of  the  muscular  system  by 
aberrant  parasites  may  take  place  now  and  then.  Such  parasites 
being  in  the  wrong  host  may  fail  to  develop,  and  hence  elude 
detection,  while  the  products  resulting  from  their  disintegration  may 
lead  to  inflammatory  reaction. 

The  supposition  that  sarcosporidia  are  transmitted  by  way  of  the 
digestive  tract  has  been  a  favorite  theory  of  investigators,  and  has 
been  frequently  tested  by  feeding  infected  muscle.  No  positive  results 
have  been  reported.  The  failures  were,  no  doubt,  in  part  at  least, 
due  to  the  method  of  experimentation.  The  endeavor  to  transmit  the 
sarcosporidia  of  sheep  by  injecting  them  into  white  mice  and  guinea- 
pigs,  as  was  done  by  Kasparek,*  or  by  the  eating  of  raw  meat  by 
human  beings,  as  was  done  by  Moul6,  seems  at  best  abortive,  since 
these  parasites  are  highly  specialized  forms.  It  is,  a  priori^  not 
impcobable  that  the  same  species  of  sarcosporidia  may  infect  several 
hosts  possessing  certain,  to  us  unknown,  relationships,  but  to  gain  an 
insight  into  the  life-history  of  such  forms  the  problem  to  be  solved 

1  Max  Braun,  in  reviewing  this  case,  did  not  hesitate  to  regard  the  diagnosis  of  sarcosporid- 
iosis as  extremely  doubtfQl,  but  be  subsequently  fully  agreed  with  Kartulis  after  having  ex- 
amined the  latter's  preparations.    Centralblatt  f.  Bacterlol.,  xviii.  p.  13. 

3  Centralblatt  f.  Bacterlol.,  1895,  xviil.  p.  827. 

Am  Phys  37 
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first  ift  to  determine  the  mode  of  transmission  in  the  same  species  in 
which  they  naturally  occur. 

The  negative  results  of  transmission  experiments  on  record,  to  which 
we  may  safely  add  many  unpublished  ones,  induced  me  to  make  an 
effort  to  fill  at  least  a  portion  of  the  existing  gap,  when,  in  1898, 1 
found  a  large  proportion  of  gray  mice  which  had  been  kept  in  a  large 
wooden  cage  for  over  a  year  infected  with  sarcosporidia.  The  large 
number  of  infections  suggested  that  transmission  occurred  directly  and 
not  through  an  intermediate  host.  The  occasional  discovery  of  dead 
mice  in  this  cage,  of  which  parts  had  been  consumed,  as  well  as  the 
not  infrequent  mutilation  of  the  tails  and  scrota  of  living  mice,  led  to 
the  hypothesis  referred  to  above,  that  the  infection  takes  place  through 
the  digestive  tract  in  a  manner  analogous  to  the  transmission  of  tri- 
chinae. Though  the  experiments  needed  to  demonstrate  the  truth  or 
falsity  of  this  hypothesis  seemed  at  first  simple  and  easily  executed, 
yet  in  the  course  of  carrying  them  out  a  number  of  factors  appeared 
which  had  to  be  taken  into  account.  The  length  of  time  consumed 
by  each  feeding  experiment,  about  three  months,  permitted  the  intro- 
duction of  the  new  control  factors  only  slowly,  so  that  these  tests  have 
extended  over  a  period  of  more  than  two  years. 

In  order  to  present  the  more  important  facts  of  these  investigations 
in  an  intelligible  manner,  I  shall  first  relate  the  life-history  of  the 
muscle  parasite  as  interpreted  by  the  results  obtained.  I  shall  then 
give  such  details  of  the  actual  experiments  as  may  be  necessary  to 
enable  others  to  estimate  their  relative  value  in  establishing  the  results 
claimed,  and  to  repeat  them  if  thought  desirable. 

Sarcocystis  muris  (R.  Blanchard),  Labb6.* 

(Miescheria  muris.     R.  Blanch.,  1885.) 

The  parasite,  as  a  rule,  is  noticed  only  in  its  matured  state  when  it 
becomes  visible  to  the  naked  eye.  It  seems  to  be  pretty  widely  dis- 
seminated, and  infected  mice  are  encountered  at  intervals  in  most 
laboratories  where  mice  are  kept,  to  judge  from  verbal  accounts  of 
such  discoveries  in  this  country.     The  frequency  with  which  they 

1  Das  Tierrelch.  Sporozoa,  Berlin,  1899,  p.  119. 
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are  found  in  rooms  whither  mice  are  drawn  by  ample  food  supply  and 
where  they  breed  is  discussed  in  a  subsequent  section  of  this  paper. 

A  mouse  whose  muscular  system  contains  matured  parasites  pre- 
sents a  very  striking  appearance.  If  the  skin  be  removed  all  the 
skeletal  muscles  will  be  seen  to  contain  streaks  of  a  whitish  color. 
These  may  be  so  numerous  as  to  leave  but  little  of  the  normal  red 
color  of  the  muscle,  or  they  may  be  quite  scarce.  Even  the  muscles 
of  the  head  and  the  diaphragm  are  invaded.  I  have  found  them  in 
sections  of  the  eye  muscles.  The  heart  muscle,  however,  remains 
free.  These  linear  streaks  run  parallel  to  the  muscle  fibers.  In  case 
of  superimposed  translucent  layers  whose  fibers  run  in  different  direc- 
tions, as  in  the  abdominal  muscles,  the  streaks  are  seen  crossing  one 
another  at  different  angles.  They  vary  more  or  less  in  length,  the 
oldest  and  largest  being  from  1  to  1.5  cm.  long  and  about  0.25  mm. 
broad.  The  more  isolated  ones  are  of  greater  width  than  those 
crowded  together.^ 

If  a  piece  of  fresh  muscle  be  teased  in  some  indifferent  fluid  and 
examined  under  a  low  power  the  whitish  streaks  resolve  themselves 
into  opaque  thin-walled  tubes  densely  packed  with  crescentic  bodies, 
the  so-called  sporozoites.^  The  outer  wall  of  such  a  tube  is  very  thin, 
smooth,  and  without  any  external  appendages.  It  is  usually  encased 
by  a  narrow  rim  of  muscle  fibrillse,  the  remains  of  the  invaded  fiber. 
Within  this  parasitic  tube,  among  the  sporozoites,  a  faint  network  of 
lines  is  discernible,  which  forms  flattened  meshes,  whose  long  axes  are 
at  right-angles  to  that  of  the  parasite  itself.  These  are  optic  sec- 
tions of  partitions  which  divide  the  entire  parasite  into  chambers 
which  enclose  the  sporozoites.  When  the  parasite  is  torn  by  teasing 
the  latter  escape  and  are  found  isolated.  In  outline  they  are  cres- 
centic and  resemble  bananas.  The  body  in  the  middle  is  0.004  mm. 
thick,  and  measures  in  a  straight  line  from  end  to  end  0.012  mm.  A 
modicum  of  fine  granules  is  recognizable,  but  nothing  more. 

1  According  to  Investigations  made  by  Mrs.  Gage  (Tlie  Microflcope,  1888,  yili.  p.  225)  some  of 
the  flbers  in  the  shorter  muscles  of  tlie  mouse  extend  from  tendon  to  tendon.  In  the  larger 
muscles  they  are,  as  a  rule,  shorter  than  the  muscle  itself.  Exact  measurements  of  isolated 
fibers  showed  a  variation  in  length  of  from  5  mm.  in  the  short  muscles  to  22  mm.  in  the  longest 
mtiscles.  I  have  not  made  any  measurements  upon  isolated  invaded  fibers,  but  all  observations 
point  to  the  inference  that  the  parasite  eventually  occupies  the  entire  length  of  the  muscle 
fiber  In  which  it  happens  to  lodge. 

>  The  terminology  used  in  this  article  is  that  suggested  by  Schaudinn.  (See  Ltlhe's  review, 
in  Centralblatt  f.  Bakt.,  1900,  xxvil  p.  367.) 
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When  these  sporozoites,  suspended  in  normal  salt  solution,  are 
warmed  to  35^  or  37^  C,  they  exhibit  peculiar  movements.  These 
are  better  observed  in  slide  cells  with  convex  bottom  than  in  the 
hanging-drop.  By  melting  down  the  corners  of  square  cover-glasses, 
as  recommended  by  Siedlecki,  good  cells  may  be  improvised  with  ordi- 
nary slides.  The  cells  must  be  sealed  with  vaseline  to  prevent  the 
concentration  of  the  salt  solution.  The  observations  are  most  satis- 
factorily made  with  the  aid  of  a  Nuttall  thermostat,  into  which  the 
entire  microscope  is  placed. 

It  will  be  noticed  as  the  temperature  rises  that  these  bodies  have 
become  more  homogeneous  and  somewhat  refractive,  and  that  their 
form  has  become  slightly  altered.  They  are  now  more  curved  and  some- 
what more  slender.  At  34°  to  36°  C.  they  begin  to  begin  to  move  in 
a  gliding  manner  on  a  circumference  corresponding  to  their  own  cur- 
vature for  from  1 J  to  2  revolutions.  Then  they  suddenly  flop  over— 
i.  e.,  revolve  on  their  long  axis  ^  to  }  a  revolution.  After  from  fifteen 
to  thirty  seconds  of  rest  they  pass  through  the  same  motions  anew. 
Flagella  were  not  observed.  These  movements  may  be  observed  for 
several  hours.  During  the  second  hour  they  grew  less  and  less  vigor- 
ous, and  finally  only  a  few  remained  active.  They  are  dependent  on 
warmth,  ceasing  when  the  slide  is  removed  from  the  thermostat  or 
allowed  to  cool,  and  beginning  again  when  it  is  warmed.  I  ha?e 
seen  a  few  move  in  midsummer  in  a  temperature  of  85°  F.  In  the 
only  experiment  made  to  test  the  vitality  of  the  sporozoites  after  the 
death  of  the  host,  they  retained  their  power  to  move  for  at  least  four 
days,  the  mouse  tissues  being  kept  in  the  refrigerator  in  the  meantime 
and  examined  from  day  to  day.^ 

These  observations  lead  to  the  inference  that  the  sporozoites,  owing 
to  their  perishable  nature,  must  enter  another  host,  presumably  warm- 
blooded. The  movements  simulate  a  boring  or  screw-like  action,  which 
may  come  into  play  when  they  penetrate  the  mucosa. 

When  muscular  tissue  containing  the  matured  sporozoites  was  fed 
to  mice  no  evidence  of  any  invasion  of  the  muscle  fibers  was  obtained 
until  approximately  the  forty-fifth  day,  when  the  smallest  parasites 

1  In  some  notes  made  in  1890,  when  this  parasite  came  under  my  obeervation  in  a  alogle  om 
(Washington,  D.  C),  the  same  peculiar  moyements  are  recorded.  The  sporoooitesof  the  »^ 
cosporidlum  of  sheep  are  described  by  L.  Pfelffbr  (Die  Protozoen  als  Krankheitserrc«er,  1891.  V- 
123)  as  becoming  ameboid  when  warmed  In  human  saUya. 
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were  first  detected.  The  youngest  parasite  which  I  have  recognized 
in  fresh  tissue  was  a  fusiform  body  0.152  mm.  long  and  0.02  mm. 
broad.  This  stage  consists  of  a  delicate  structureless  membrane 
whose  contents,  in  the  fresh  condition,  are  hyaline  and  practically 
invisible.  A  moderate  number  of  minute,  scattering,  refringent 
granules  appear  in  its  substance,  which  are  of  substantial  aid  in 
finding  it. 

In  somewhat  later  stages,  when  the  parasite  has  grown  much  longer, 
its  substance  is  found  divided  into  a  number  of  broadly  fusiform  bodies, 
whose  long  axes  are  nearly  parallel  to  that  of  the  mother  tube.  In 
this  stage  the  parasite  readily  slips  out  of  the  muscular  fiber  in  which 
it  is  lodged  when  the  fresh  tissue  is  teased.  It  suggests  a  tube 
densely  packed  with  small  fish.  These  primary  divisions  of  the  para- 
site are  0.012  mm.  long  and  0.004  mm.  broad  in  the  middle.  Each 
is  provided  with  a  spheric  highly  refringent  granule  0.001  mm.  in 
diameter,  blackening  slowly  in  osmic  acid.  It  is  contained  in  a 
minute  vesicle.  Beyond  this  the  fusiform  bodies  reveal  no  struc- 
tural details.  Individuals  are  now  and  then  found  in  which  the 
division,  completed  in  some  parts,  lags  behind  in  others.  The 
bluntly  rounded  ends  of  the  parasite  are  usually  behind  the  rest  of 
the  body  in  this  respect. 

This  primary  stage  of  the  fusiform  bodies  is  followed  by  another, 
seen  first  in  the  central  portion  of  the  tube.  Here  the  parasite  be- 
comes broader  and  more  opaque,  owing  to  the  presence  of  closely- 
packed  crescentic  or  kidney-shaped  bodies.  Just  what  change  takes 
place  in  the  fusiform  bodies  which  leads  to  the  crescents  I  am  unable 
to  state.  Certain  appearances  suggested  a  longitudinal  cleavage  of 
the  former.  One  parasite  in  this  transitional  stage  I  was  fortunate 
enough  to  obtain  by  teasing,  completely  freed  from  its  encasing  fiber. 
It  was  about  4  mm.  long  and  0.026  mm.  broad. 

In  about  seventy  days  after  feeding  the  parasites  enter  the  stage  of 
spore  and  sporozoite  formation.  The  substance  of  the  parasite  is  now 
found  to  be  made  up  of  relatively  large  roundish  or  polyhedral  masses 
of  a  finely-granular  appearance,  which  are  in  close  apposition  with 
one  another  and  0.014  mm.  to  0.016  mm.  in  diameter.  These  sporo- 
blasts  soon  break  up  into  the  final  sporozoites,  the  exact  number  of 
which  I  have  been  unable  to  determine.  Probably  eight  are  formed 
from  each  sporoblast.     The  continuous  growth  and  breaking  up  of 
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the  sporoblasts  cause  enough  internal  pressure  to  force  the  sporo- 
cysts  to  assume  a  flattened  outline  within  the  parent  tube  with  their 
long  diameter  at  right  angles  to  that  of  the  latter.  The  whole  sug- 
gests the  appearance  presented  by  dried  figs  in  their  original  package. 
The  stage  of  the  unsegmented  sporoblast  I  have  rarely  seen,  and  I 
think  it  is  of  short  duration,  the  sporocysts  following  closely  upon 
this  stage.  Rarely  in  the  same  individual  sporoblasts  and  sporocysts 
are  found  in  different  sections  of  the  same  individual  at  the  same 
time.  As  stated  above^  the  ripe  sporozoites  readily  escape  from  the 
parasitic  tube  when  fresh  tissue  is  teased.  This  is  not  true,  howerer, 
of  any  of  the  preceding  stages.  Neither  the  fusiform  nor  the  suc- 
ceeding crescentic  bodies  leave  the  parent  tube  when  the  latter  is  torn 
unless  decomposition  has  set  in  or  a  1  per  cent,  solution  of  acetic 
acid  be  added. 

The  account  given  above  implies  that  the  partitions  within  the 
sarcosporidium  are  not  ingrowths  from  the  external  wall,  as  is  fre- 
quently claimed,  but  that  they  are  simply  the  walls  of  the  sporocysts 
in  close  apposition  to  one  another.  I  have  seen  nothing  in  my  obser- 
vations that  would  lead  me  to  accept  any  other  view  with  reference  to 
the  species  under  consideration. 

Sarcocy9tis  muris  thus  ripens  within  the  muscular  tissue  in  two  and 
one-half  to  three  months  after  the  date  of  feeding.  Ingestion  of  the 
infected  muscle  at  this  final  stage  by  another  mouse  is  followed  by  a 
similar  infection  of  the  muscular  system. 

It  was  not  my  purpose  at  this  time  to  enter  into  any  study  of  the 
morphologic  details  of  the  various  stages  in  the  intramuscular  life  of 
this  sporozoon.  It  seemed,  however,  desirable  to  confirm  the  obser- 
vations made  with  fresh  tissues  upon  such  as  were  fixed  and  hardened 
and  stained  according  to  current  methods.  In  doing  this  the  following 
plan  was  adopted : 

Muscular  tissue  from  chloroformed  mice  was  fixed  for  twenty-four 
hours  in  Zenker's  fluid,  and  then,  after  thorough  washing,  was  har- 
dened in  ascending  strengths  of  alcohol.  The  tissues  were  embedded 
in  paraffin,  after  passing  through  cedar  oil,  and  cut  in  ribbons. 
Various  stains  were  employed,  such  as  the  various  hematoxylin  prep- 
arations, with  or  without  eosin  and  picro-acid  fuchsin ;  also  eosin  and 
Unna's  polychrome  methylene  blue,  and  Heidenhain's  iron  hema- 
toxylin.    The  best  stain  I  found  to  be  hematein-ammonium,  which 
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I  had  prepared  myself,  and  which  stained  rather  slowly,  and  chiefly 
nuclear  matter. 

In  the  earliest  intramuscular  stages  of  the  parasite  seen  a  multiple 
division  of  the  nucleus  was  already  under  way.  The  entire  substance 
was  mapped  out  into  a  large  number  of  areas  having  certain  definite 
characters.  Each  area  consisted  of  a  rather  dense  nuclear  body  0.002 
mm.  in  diameter,  and  with  faintly  lobulated  periphery  occupying  a  clear 
space  two  to  three  times  its  diameter.  Within  this  space,  and  at  a  some- 
what variable  distance  from  the  nucleus,  was  another  body,  perfectly 
spheric,  about  0.0005  mm.  in  diameter,  and  staining  compactly  with 
chromatin  dyes.  The  significance  of  this  minute  satellite  accompany- 
ing each  nucleus  must  be  left  to  future  cytologic  studies.^  All  that  I 
can  state  now  is  its  unvarying  presence  in  this  early  stage.  It  has 
not  been  described  by  Bertram,^  who  has  studied  the  early  stages  of 
other  species  of  sarcosporidia. 

A  division  into  separate  individuals  or  cells  was  not  noticed  in  the 
earliest  stages.  Somewhat  later  fusiform  bodies  appear  in  outline, 
each  of  which  contains  the  nucleus  and  the  micronucleus  or  karyosome 
above  mentioned.     The  latter,  however,  soon  disappears. 

Beyond  this  the  study  of  stained  sections  has  not  thus  far  contributed 
anything  material  to  the  facts  brought  out  by  the  study  of  fresh  tissue. 
No  clue  concerning  the  suspected  division  of  the  fusiform  bodies  before 
they  enlarge  into  the  sporoblasts  was  obtained.  Nor  did  the  exam- 
ination of  sections  from  a  number  of  cases  reveal  the  processes  in 
the  sporoblasts  which  end  in  the  breaking  up  of  these  into  sporo- 
zoites.  Evidently  these  changes  go  on  very  rapidly  and  are  encoun- 
tered only  through  lucky  accidents  rather  than  carefully  planned  and 
executed  experiments. 

This  fragmentary  statement  of  what  seem  to  be  the  stages  leading 
to  the  formation  of  the  sporozoites  has  been  introduced  simply  as  a 
stimulus  to  a  more  thorough  study  of  this  parasite,  which  feeding 
experiments  enable  us  now  to  obtain  in  any  desired  amount.  The 
statements  of  other  observers  point  to  a  similar  complex  development 
of  other  members  of  this  genus.  Thus  Bertram,'  in  a  study  of  the 
sarcosporidia  of  sheep,  speaks  of  the  earliest  divisions  or  cells  as  mother 

>  For  gtmilar  bodies  in  the  development  of  trypanoeomes  of  gray  rats,  see  Rabinowltscb  and 
Kempner,  Zeitschr.  f.  Hygiene,  1899,  xxx.  p.  251. 
*  Zool.  Jabrb.  Abtbeilung  f.  Anat.  u.  Ont.,  v.  >  Loc.  dL 
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sporoblasts,  implying  thereby  a  further  division  before  the  stage  of 
sporoblast  is  reached.  L.  Pfeiffer^  thinks  that  there  may  be  cres- 
centic  bodies  of  the  second  generation,  third  generation,  etc. 

Experimental  Data  and  Results. 

Since  the  experiments  the  results  of  which  I  have  briefly  given  are 
the  first  in  which  feeding  has  been  successful,  it  is  necessary  to  go  some- 
what into  detail  concerning  the  experiments  themselves  in  order  to 
point  out  the  difficulties  and  limitations  inherent  in  work  of  this  kind 
to  which  bacteriologic  methods  are  inapplicable.  The  details  which 
require  special  attention  are:  (1)  The  source  of  the  animals  used; 

(2)  the  association  of  the  animals  with  one  another  in  confinement; 

(3)  the  food ;  (4)  the  ectoparasites  of  mice,  and  (5)  the  method  of 
feeding  the  infected  material. 

1.  The  common  gray  house-mouse  was  used  almost  exclusively.  A 
few  white  mice  and  crosses  were  included,  and  the  results  indicated 
equal  capacity  for  infection.  Since  it  is  impossible  to  tell,  without 
removing  bits  of  muscular  tissue  by  a  surgical  operation,  whether  any 
mouse  is  infected  spontaneously,  even  a  severe  infection  being  com- 
patible for  many  months  with  a  sleek  appearance  and  the  usaal 
vivacity,  control  observations  were  made  upon  mice  during  the  whole 
period  of  the  investigation.  The  surgical  operation  referred  to  was 
considered  inapplicable  in  the  case  of  such  small  animals,  not  to  men- 
tion the  chances  for  missing  slight  infections.  The  chief  source  of 
the  mice  was  a  room  where  the  small  laboratory  animals  were  kept. 
Mice  caught  in  this  room  as  well  as  elsewhere  were  examined  micro- 
scopically. Portions  of  muscular  tissue  were  teased  fresh  in  normal 
salt  solution  and  carefully  scrutinized  with  the  16  mm.  and  4  mm. 
objectives  for  those  earlier  stages  which  are  not  visible  to  the  naked  eve. 
One  hundred  and  fifty-five  control  mice,  of  which  120  were  from  the 
animal-room  above  referred  to,  were  examined  in  this  way.  Of  the 
35  from  outside  sources  1  was  found  infected.  Of  the  120  from  the 
animal-room  examined  over  a  period  of  three  years,  8,  or  about  65 
per  cent.,  were  found  infected. 

This  rather  high  rate  of  infection  is  probably  due  to  the  fact  that 
before  attention  had  been  directed,  in  the  spring  of  1898,  to  the  in- 

1  Die  Protozoen  als  Krankheitserreger..   Jena,  1891,  p.  119. 
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fected  cage  a  mouse  may  have  occasionally  escaped  from  it  and  car- 
ried the  infection  into  the  hiding  places.  A  tabulation  of  all  the  facts 
bearing  upon  these  control  mice  showed  that  there  was  a  slight  wave 
of  infection  during  the  winter  months  of  both  1900  and  1901,  which, 
judging  from  the  age  of  the  sarcosporidia,  started  near  the  beginning 
of  December.  It  was  almost  wholly  confined  to  the  large  adults,  male 
and  female,  and  was  most  probably  due  to  some  old  mouse  killed  and 
partly  consumed  by  others. 

2.  The  association  of  mice  in  confinement  may  lead  to  general 
infection  if  a  spontaneously  diseased  mouse  should  die  in  the  cage. 
In  order  to  eliminate  this  source  of  error  the  mice  were  either  trans- 
ferred directly  to  glass  jars,  one  or  two  in  a  jar,  or  else  when  they 
were  stored  in  cages  in  larger  numbers,  any  that  died  or  were  removed 
for  other  purposes  were  carefully  examined. 

3.  The  food  of  the  mice  was  at  first  bread  and  oats,  later  oats  almost 
exclusively.  The  possibility  that  the  oats  might  be  contaminated  led 
to  steaming  them  before  use.  The  general  outcome  of  the  experiments 
does  not  favor  the  hypothesis  that  infection  may  occur  in  this  way. 
The  bedding  for  the  jars  was  carefully  selected  from  hay  and  straw, 
and  in  the  later  experiments  sterilized  dry  as  a  final  precaution. 

4.  The  negative  outcome  of  the  feeding  experiments  of  former 
observers,  taken  together  with  the  somewhat  unexpected  results  of 
investigations  upon  other  protozoa  which  demonstrated  that  arachnids 
are  the  transmitters  of  bovine  malaria  (Texas  fever),  mosquitoes  of 
human  malaria,  that  flagellates  in  the  blood  of  rats  are  transmitted  by 
fleas,  in  the  blood  of  larger  animals  by  a  fly  {Glossina  morsitans)^ 
made  it  necessary  to  examine  any  possible  relationship  between  sar- 
cosporidiosis  in  mice  and  certain  ectoparasites  which  infest  them. 
There  is,  however,  no  close  analogy  between  the  transmission  of 
micro-organisms  circulating  freely  in  the  peripheral  capillaries  and 
such  parasites  as  are  situated  more  deeply  and  securely  in  the  muscle 
fibers.  The  ectoparasites  of  the  mice  which  came  under  my  observa- 
tion were  two  species  of  mites,  Myobia  rnusculus  and  Myocoptes 
musculinus.  They  were  either  found  on  different  animals  at  diff'erent 
times  or  else  associated  together  on  the  same  individual.  In  order  to 
bring  them  into  view  the  skin  of  the  chloroformed  mouse  was  left 
from  a  few  to  twenty-four  hours  under  a  bell-glass.  Any  mites  would 
then  appear  on  the  hairs,  usually  near  the  tips.     Myocoptes  was  first 
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encountered  as  a  delicate  woolly  scab  around  the  base  of  the  ears.  In 
this  colonies  of  eggs  and  immature  young  were  found.  More  rarely 
colonies  of  young  were  found  in  the  subcutis  as  round,  flat  masses  not 
more  than  1  mm.  in  diameter  and  resembling  a  little  bit  of  circum- 
scribed adipose  tissue.  Adult  Myocopte%  were  occasionally  found  in 
large  numbers  on  unthrifty  caged  mice.  As  a  rule,  mice  confined 
together  in  numbers  up  to  15  or  20  were  infested. 

The  possible  relation  of  these  mites  to  the  sarcosporidia  was  care- 
fully taken  into  consideration  by  noting  their  presence  or  absence  on 
the  animals  examined.  As  they  are  very  small,  and  cannot  be  made 
out  distinctly  without  a  hand  lens,  they  may  be  overlooked  when  very 
few  are  present.^  They  did  not  seem  to  bear  any  etiologic  relation 
to  the  muscle  parasite.  They  were  frequently  noted  as  absent  in 
positive  cases  and  very  numerous  in  negative  cases.  Long  cohabita- 
tion with  infected  mice  in  the  presence  of  these  mites  did  not  increase 
the  opportunity  for  infection,  as  will  be  pointed  out  farther  on. 

5.  As  stated  above,  the  mice  used  in  the  experiments  were  either 
kept  before  the  feeding  in  lots  of  ten  to  fifteen  in  large  cages  made 
of  wood  and  fine-meshed  wire,  or  else  they  were  placed  directly  into 
glass  jars.  Ordinary  battery  jars,  six  by  eight  inches,  were  covered 
with  a  galvanized  iron  wire  top,  with  meshes  too  small  to  admit  house- 
flies.  From  this  top  a  small  glass  dish  to  hold  water  was  suspended 
with  copper  wire.  The  drinking  water  was  renewed  by  removing  the 
wire  top  and  slipping  a  glass  plate  in  its  place  temporarily.  The 
drinking  dish  left  attached  to  the  wire  top  was  rinsed  and  filled  and 
the  top  replaced.  This  arrangement  kept  the  bedding  dry,  and  the 
jars  were  changed  but  once  in  three  weeks.  The  grain  was  poured 
into  the  jar,  and  the  hulls  slowly  accumulating  were  removed  when 
the  jar  was  changed.     In  such  jars  two,  very  rarely  three,  were  kept 

In  experiments  from  No.  8  to  No.  19  the  infection  of  the  mice  was 
effected  in  the  following  manner:  Food  was  usually  withheld  for  the 
day,  and  toward  evening  the  muscular  tissue  of  the  infecte<l  mouse, 
freed  completely  of  skin  and  entrails,  was  cut  up  into  fine  bits  in 
normal  salt  solution.  This  mass  was  mixed  with  bread  crumbs  in  a 
small  glass  dish  and  moistened,  if  necessary,  with  more  salt  solution. 

1  Mycbia  is  about  0.5  mm.  long  and  0.2  mm.  broad.    Myocoptet  is  aboat  0.3  mm.  loof  ud 
0.13  mm.  broad.    These  dimensions  apply  only  to  adults. 
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Each  jar,  containing  one  or  two  mice,  received  a  dish.  The  amount 
eaten  was  noted  next  morning.  In  the  earlier  experiments  the  mus- 
cular tissue  or  a  piece  of  the  carcass  was  placed  in  the  jar  without 
any  preparation,  but  the  mice  often  refused  to  touch  it.  The  food 
substances  mixed  with  the  infected  flesh  must  be  properly  chosen.  I 
have  found  bread  crumbs  softened  in  normal  salt  solution  a  favorite 
dish.  In  the  summer  of  1900  I  used  corn  meal,  but  the  mice  threw 
it  out  of  the  dishes,  and  I  attribute  the  failure  of  certain  experiments 
to  the  injudicious  selection  of  the  food.  The  mice  to  be  examined 
were  usually  chloroformed,  more  rarely  killed  by  a  blow  while  under 
chloroform.  The  latter  did  not  affect  the  vitality  of  the  sarcospo- 
ridia  or  of  the  mites. 

When  the  preliminary  experiments  had  made -it  evident  that  the 
sarcosporidia  enter  the  muscles  by  way  of  the  digestive  tract,  it  be- 
came necessary  to  determine  the  time  after  feeding  when  the  para- 
sites begin  to  appear  in  the  muscle  fibers,  or  can  be  recognized  therein, 
and  the  time  required  for  the  ripening  of  the  sporozoites.  In  order 
to  eliminate  errors  of  interpretation  it  was  desirable  to  examine  the 
animals  during  the  earlier,  most  characteristic  stage  of  the  muscle 
parasite,  because  the  later  ripe  stage  remains  unchanged  indefinitely 
and  gives  no  clear  testimony  concerning  the  probable  date  of  infec- 
tion. To  determine  the  time  of  the  earliest  appearance  of  the  para- 
site in  the  muscle  fiber,  infected  mice  were  killed  at  different  periods 
after  the  feeding,  and  the  quite  uniform  answer  given  by  all  experi- 
ments was  that  the  earliest  stages  were  detected  between  the  fortieth 
and  the  fiftieth  day  after  feeding. 

The  table  given  below  has  been  condensed  from  one  upon  which 
all  the  details  of  the  experiments  to  which  any  attention  has  been 
given  were  noted.  Among  these  are  the  source,  size,  and  sex  of  each 
mouse,  the  date  of  capture,  the  mode  of  confinement,  and  the  pres- 
ence or  absence  of  mites.  A  study  of  these  data  led  me  to  regard 
most  of  them  as  negligible  factors,  and  they  are,  therefore,  omitted 
from  the  published  table. 

In  the  examination  of  the  mice  a  careful  record  was  kept  of  the 
stage  of  development  of  the  muscle  parasite,  and  upon  this  record  is 
based  the  number  of  cases  which  are  put  down  as  the  result  of  arti- 
ficial infection  and  the  number  in  which  the  infection  had  presumably 
occurred  in  the  natural  way. 
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Before  discussing  the  results  of  the  experiments  as  a  whole^  a  few 
remarks  concerning  some  of  them  may  not  come  amiss.  One  of  the 
earliest  (No.  2)  led  me  to  assume  erroneously  that  the  parasite  appears 
very  soon — within  a  week — in  the  muscular  tissue.  Six  days  after 
the  single  mouse  had  been  fed  it  died,  and  in  the  abdominal  muscles 
were  found  the  earliest  segmenting  stages  of  the  parasite.  Later 
experiments  made  it  evident  that  the  mouse  was  infected  when  used. 
Somewhat  later  the  feeding  experiments  made  with  the  carcass  of 
infected  mice  yielded  results  which  seemed  to  point  to  wound  infec- 
tion. Those  fed  with  bony  portions  were  found  more  frequently 
infected.  This  inference  was  also  found  to  be  an  error,  and  was 
given  up  when  the  feeding  of  bread  with  the  infected  muscle  proved 
so  successful.  Of  the  later  experiments,  No.  12  deserves  notice. 
The  two  mice  which  were  caught  in  a  distant  building  and  did  not 
come  in  contact  with  any  others  were  both  found  in  the  earliest  stage 
of  infection  on  the  fifty-first  day.  Experiments  Nos.  18  and  14 
yielded  very  poor  results,  yet  these  were  offset  by  the  fact  that  there 
was  no  evidence  that  any  mouse  had  been  infected  before  use.  The 
partial  failure  to  infect  I  attribute,  as  already  stated,  to  the  use  of 
com  meal.  On  several  occasions  I  have  noticed  that  mice  recently 
caught  in  distant  buildings  were  less  inclined  to  eat  the  infected  food 
than  those  caught  in  the  animal-room  or  confined  for  some  time  in 
cages  or  jars  where  food  was  always  plentiful.  Possibly  the  changed 
environment  leads  to  a  more  voracious  appetite,  which  may  influence 
the  results  of  experiments.  In  not  a  few  instances  only  one  of  two 
mice  fed  together  in  the  same  jar  was  found  infected. 

Before  leaving  the  subject  of  minor  details  I  shall  give  an  account 
of  Experiment  No.  18,  which  may  be  taken  as  a  type  of  the  later 
ones.  In  this  eighteen  mice  were  used,  of  which  one  was  found  dead 
in  the  course  of  the  experiment,  but  too  late  to  be  examined,  leaving 
seventeen ;  eleven  of  these  were  from  three  cages  stocked  during  the 
summer  of  1900.  Control  examinations  of  all  that  died  in  the 
cages  were  made.  Two  were  from  a  distant  house,  placed  together 
in  a  jar,  four  were  white  mice  raised  in  another  house,  also  kept 
by  themselves.  On  the  day  of  feeding  the  eleven  gray  mice  had 
been  confined  for  three  to  four  months,  and  were  not  very  thrifty. 
Of  these  nine  were  chloroformed  from  two  to  forty-one  days  after 
feeding,  but  no  infection  detected.     The  remaining  two  were  exam- 
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ined  on  the  sixtieth  and  sixty -second  days  respectively,  and  the  infec- 
tion found  in  the  early  stages.  The  two  gray  mice  from  a  distant 
house,  confined  only  two  days  before  feeding,  refused  the  infected 
food.  Both  were  found  free  from  infection  on  the  ninety-fourth  day. 
The  four  white  mice  were  examined  sixty-seven,  sixty-nine,  and 
eighty-five  days  after  feeding,  and  were  found  in  stages  of  infection 
corresponding  to  the  assumed  cycle  of  development  of  the  parasite. 
Both  negative  and  positive  cases  were  infested  with  mites. 

In  No.  19  all  the  mice  were  from  a  distant  house  and  kept  separate 
from  those  caught  in  the  animal-room.  There  were  four  jars,  con- 
taining two  apiece.  Between  the  fiftieth  and  sixtieth  day  all  were 
chloroformed ;  six  out  of  eight  were  in  the  earliest  stages  of  sarco- 
sporidiosis.  In  two  jars  both  mice  were  afiected ;  in  the  remaining 
two  only  one  each.  A  fifth  pair  of  mice  from  the  same  source,  and 
kept  with  these  in  the  same  way  as  controls,  were  killed  at  the  same 
time.    Both  were  free  from  infection. 

Turning  to  the  results  of  these  experiments,  we  find  that  of  the  43 
mice  killed  before  the  forty-fifth  day  3  were  infected.  On  account 
of  the  advanced  stage  of  the  parasites,  these  are  classed  as  infected 
before  use.  Of  the  84  killed  between  the  forty- fifth  and  sixtieth  day 
27  were  infected.  Of  these,  1  is  classed  with  the  spontaneous  infec- 
tions. Of  the  57  killed  after  sixty  days  32  were  infected.  Of  these, 
2  are  rejected  as  previously  infected.  Taking  all  together,  we  have 
of  91  examined  after  forty-five  days,  59  infected,  32  not.  Rejecting  3 
of  these,  we  have  an  infection  of  63.6  per  cent,  after  forty-five  days. 
If  we  compare  the  spontaneous  infections  discovered  in  the  experi- 
mental mice  with  those  of  the  mice  examined  as  controls  we  find  a 
close  agreement.  Eliminating  from  both  series  all  mice  caught  out- 
side of  the  animal-room  we  find  the  control  series  of  120  mice  from 
the  animal-room  yielding  a  spontaneous  infection  of  6§  per  cent. ;  the 
experimental  series,  of  6|  per  cent,  also,  if  we  include  in  this  series 
all  mice  whose  source  is  indicated  as  doubtful  in  the  table,  which  would 
make  90  in  all.  It  is  highly  probable  that  all  mice  marked  doubtful 
came  from  the  animal-room. 

It  is  of  interest  to  compare  with  these  statistics  those  of  the  per- 
manently infected  cage.  When  the  disease  was  first  discovered  it  was 
thought  that  simple  cohabitation  might  induce  it,  and  hence  fresh 
mice  were  introduced  from  time  to  time.     To  make  sure  of  the  per- 
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sistence  of  the  infection  the  bodies  of  infected  mice  were  placed  in  the 
cage  temporarily  from  time  to  time.  In  February,  1900,  a  jar  con- 
taining bits  of  infected  muscular  tissue  mixed  with  bread  crumbs  was 
put  into  the  cage.  Seventy-six  days  later  tf  out  of  the  remaining  10 
mice  were  found  infected.  Four  were  in  the  earlier  stages,  suggesting 
the  last  feeding  as  the  cause ;  2  were  in  advanced  stages.  Whether 
they  were  also  infected  with  younger  stages  was  not  noted.  Of  the 
39  mice  taken  from  this  cage  of  which  I  have  any  records,  19  were 
infected,  20  free,  yet  all  had  been  in  the  cage  from  six  to  twelve 
months  and  continuously  exposed  to  mites  and  fecal  discharges,  and 
all  had  had  an  opportunity  to  infect  themselves  by  feeding.  Under 
these  conditions  about  50  per  cent,  became  diseased,  whereas  in  the 
feeding  experiments  the  net  positive  result  is  63.6  per  cent. 

The  life-history  of  Sarcocystia  muris.  as  interpreted  by  the  results 
of  the  foregoing  experiments,  consists  in  the  invasion  of  the  muscular 
system  of  the  mouse  by  sporozoites  taken  in  with  the  food.  The 
sporozoites,  being  contained  in  cysts,  cannot  escape,  and  the  infection 
can  take  place  only  when  muscular  tissue  is  eaten.  The  long  period 
between  infection  and  the  growth  of  the  parasites  in  the  muscle  fibers 
might  be  interpreted  in  two  ways : 

1.  The  parasite  requires  a  long  time  to  store  up  enough  energy  to 
undergo  the  rapid  growth  and  multiple  division  of  the  nucleus  ter- 
minating in  the  formation  of  spores  and  sporozoites.  Similarly  long 
periods  are  required  by  the  various  cysticerci  of  the  common  tape- 
worms of  man  to  reach  the — for  them — mature  stage. 

2.  The  sporozoites  after  ingestion  develop  into  sexually  mature 
organisms  in  some  part  of  the  body  in  a  manner  analogous  to  the 
genus  Ooccidium.  After  fertilization  the  female  organism  (macro- 
gamete)  migrates  into  the  muscle  fibers  and  there  passes  through  the 
process  of  sporogony. 

This  second  hypothesis  seemed  the  more  attractive  one  at  the  outset, 
and  much  time  was  devoted  to  tracing  the  hypothetic  sexual  elements 
in  various  organs  of  the  body.  Especially  the  intestinal  tract  was 
scrutinized  carefully  in  animals  killed  at  stated  intervals  after  infec- 
tion. The  intestinal  contents,  the  epithelium,  and  the  submucosa 
were  searched  in  fresh  preparations,  in  some  cases  in  sections,  for  any 
forms  which  might  be  taken  for  the  parasites  sought  for.  The  fate  of 
the  sporozoites  soon  after  feeding  was  investigated,  but  no  traces  of 
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them  found.     The  spleen,  kidneys,  and  the  bone-marrow  as  well  as 
the  blood  received  attention,  but  nothing  definite  was  discovered.' 

Another  view  suggested  itself  as  an  outgrowth  of  the  second.  It 
was  assumed  that  the  sporozoites  became  sexually  mature  in  the  in- 
testineSy  were  discharged,  and  then  ingested  either  by  the  same  host 
or  other  mice.  This  hypothesis  was  discredited  by  the  impossibility 
of  producing  the  disease  by  simple  cohabitation  in  infected  cages. 
Yet  the  occasional  discovery  of  minute  coccidia-like  bodies  in  the 
intestinal  contents  led  to  a  more  thorough  search,  without,  however, 
leading  to  any  result.  The  following  experiment  was  also  made: 
Two  white  mice  from  Experiment  18,  kept  together  in  the  same  jar, 
were  transferred  to  fresh  jars  on  the  second,  third,  fourth,  sixth, 
eighth,  ninth,  and  eleventh  day  after  feeding,  to  remove  any  hypo- 
thetic sexually  mature  elements  discharged  with  the  feces.  The  mice 
were  nevertheless  found  severely  infected  in  due  time.* 

My  observations  have  thus  not  yet  bridged  the  gap  up  to  the  sixth 
week.  Careful  examinations  of  the  fresh  muscular  tissue  of  mice 
killed  earlier  than  this  have  been  made  in  large  numbers,  but  they 
are  not  sufficient  in  themselves  to  warrant  the  assumption  that  the 
immigrated  sporozoite  is  not  present  much  earlier  than  this.  The 
examination  of  stained  sections  in  considerable  numbers  will  be  neces- 
sary. It  may  be  found  that  the  parasite  reaches  the  muscle  fiber 
soon  after  ingestion,  where  it  remains  undetected  until  the  multiple 
division  of  the  nucleus  begins  and  the  organism,  by  its  rapid  growth 
and  increased  affinity  for  chromatin  dyes,  becomes  recognizable.  One 
parasite  which  was  found  fifty-one  days  after  feeding  measured  only 
0.05  mm.  in  length  and  0.016  mm.  at  its  greatest  width.  These 
dimensions  are  four  times  those  of  the  sporozoite — a  very  slight 
increase  in  this  long  period  of  time. 

There  are  several  aspects  of  this  whole  subject  which  have  sug- 
gested themselves  in  the  course  of  the  investigation  and  which  I  shall 
touch  upon  very  briefly. 

The  infected  tissue  used  for  feeding  came,  in  about  one-half  of  the 
experiments,  from  mice  taken  from  the  infected  cage.     In  the  other 

1  In  the  spleen  I  encoanlered  quite  regularly  the  large  giant  cella  of  the  bone-marrow. 

»  In  the  dJgesiive  tract  of  many  mice  kept  confined  for  some  months  and  not  Tery  thrifty, 
two  flagellates,  Lamblia  inteiuinalis  and  a  trlchomonas-like  form,  were  fteqaently  enooontered 
in  the  small  intestine,  together  with  an  ameba  In  the  cecum.  These  protosoa  it  was  beUeted 
bear  no  genetic  relation  to  SarcocystU  muris. 
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half  mice  from  one  of  the  preceding  experiments  were  used  as  indicated 
in  the  table.  In  the  later  experiments  it  became  evident  that  the 
sarcosporidia  developed  somewhat  more  slowly  than  in  the  earlier,  and 
that  the  fully  matured  muscle  parasites  were  smaller  than  in  the 
earlier  and  in  the  spontaneous  infections,  due  not  to  any  shrinkage 
in  size  of  the  sporozoites^  but  to  a  smaller  number.  This  apparent 
degeneration  may  be  due  to  the  feeding  of  tissue  from  artificial  in- 
fections— a  kind  of  artificial  cultivation  of  the  parasite  under  slightly 
abnormal  conditions,  such  as  monotonous  diet  and  confinement  of  the 
host.  It  may  also  be  due  to  the  need  of  passing  temporarily  to  some 
other  host,  or  perhaps  to  other  still  unknown  causes. 

Can  mice  be  infected  twice  or  oftener,  or  does  the  first  feeding 
establish  immunity  ?  This  question  was  approached  in  one  experi- 
ment. Two  mice  in  Experiment  17,  fed  November  26,  1900,  were 
fed  again  after  fifty-five  days,  on  January  19,  1901.  They  were 
killed  March  22,  about  four  months  after  the  first,  two  months  after 
the  second  feeding.  There  was  an  abundant  invasion  due  to  the  first 
feeding,  but  none  traceable  to  the  second  feeding.  Simultaneous 
feeding  of  other  mice  on  January  19th  was  successful. 

Another  question  which  has  an  important  bearing  on  the  outcome 
of  feeding  experiments  is  that  of  an  initial  immunity  which  may  lead 
to  a  destruction  of  the  sporozoites  before  they  reach  the  protecting 
envelope  of  the  muscular  fiber.  That  such  immunity  exists  is  sug- 
gested, but  not  demonstrated,  by  the  general  outcome  of  the  investiga- 
tion. I  have  already  referred  to  the  disinclination  of  recently  caught 
mice  to  eat  muscular  tissue  mixed  with  bread,  but  this  only  partly 
explains  the  results. 

May  sporozoites  infect  when  injected  into  the  subcutis  or  the 
abdominal  cavity  ?  With  the  earlier  feeding  experiments  five  separate 
tests  were  made  to  solve  this  problem.  The  results,  though  leaning 
decidedly  toward  the  negative,  were  not  quite  satisfactory  and  will 
have  to  be  repeated  on  a  larger  scale. 

I  have  left  the  chapter  on  the  pathology  of  sarcosporidiosis  in  the 
mouse  as  well  as  the  toxicity  of  the  sporozoites,  as  brought  out  by  L. 
Pfeifier*  for  the  parasite  in  sheep,  and  subsequently  by  Laveran  and 
Mesnil^  for  the  same  species,  for  special  consideration.     In  general 

1  Loc.  Clt,  p.  123  s  C.  R.  Soc.  Biol.,  1899,  p.  311. 
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the  tissue  reaction  appears  to  be  very  slight  during  the  developmental 
period  of  the  parasite.  Multiplication  of  muscle  nuclei,  scattenDg, 
small  foci  of  leukocyte  infiltration  associated  with  slight  cell  prolifera- 
tion of  the  perimysium  internum  and  the  sheath  of  the  small  vessels 
are  usually  present,  but  they  apparently  stand  in  no  direct  relation  to 
the  invasion  for  the  infected  fiber,  and  its  immediate  environment  are 
in  nearly  every  case  normal.  To  interpret  the  slight  changes  present 
the  condition  of  the  muscular  tissue  preceding  visible  invasion  will 
need  special  attention.  When  the  parasites  are  very  large  and  numer- 
ous disturbances  in  the  movements  of  the  animal  should  occur,  and  as 
a  matter  of  fact  such  mice  are  frequently  found  slow  in  movement  and 
ill.  The  sporozoites  in  the  old  cysts  may  shrivel  and  disappear  and 
leave  the  chambered  cysts  empty.  In  one  case  I  found  them  filled 
with  polymorphonuclear  leukocytes. 

The  life-histories  of  all  sarcosporidia  are  not  necessarily  explained 
by  the  results  obtained  with  Sarcocystis  murU.  It  would  be  difficult, 
for  instance,  to  account  for  the  sarcosporidia  of  cattle  in  the  way 
those  of  mice  can  now  be  accounted  for,  since  cattle  are  not  carnivor- 
ous. Their  muscle  parasite  is  either  an  aberrant  form  of  some  inver- 
tebrate taken  in  with  their  food,  or  else  there  is  an  intestinal  stage  as 
well  which  readily  permits  a  discharge  of  spores  outward.  It  is  ob- 
vious that  other  views  or  modifications  of  the  views  presented  might 
be  brought  forward,  but  I  desist  from  any  further  discussion  not  based 
on  actual  studies.^ 

The  experiments  described  in  the  foregoing  pages  warrant  the 
conclusion  that  the  feeding  of  SarcocystU  muris  containing  ripe, 
mobile  sporozoites  to  gray  and  white  mice  is  follow^ed  by  an  invasion 
of  the  muscle  fibers  which  becomes  readily  recognizable  after  the 
forty-fifth  day.  At  this  time  the  parasite  is,  as  a  rule,  many  times 
larger  than  the  sporozoite  which  it  presumably  represents.  Within  two 
and  one-half  to  three  months  the  parasite  has  reached  the  final  stage, 
in  which  it  consists  of  a  chambered  cyst  filled  with  sporozoites,  mobile 
at  the  temperature  of  the  body  and  capable  of  infecting  other  mice. 

»  See  a  paper  by  the  writer  "On  a  Sporozoon  In  the  Intestinal  Villi  of  Cattle,"  in  Bnlleto 
No.  3  of  the  Bureau  of  Animal  Industry,  United  States  Department  of  Acricaltnre,  1898,  p.  78. 
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While  the  admirable  studies  of  Stadelmann/  Naunyn,*  Minkowski^ 
and  Magnus-Levy*  have  firmly  established  the  fact  that  the  peculiar 
coma  80  often  noted  in  diabetes  is  regularly  associated  with  the  excre- 
tion of  large  quantities  of  organic  acids,  comparatively  little  attention 
has  been  devoted  to  the  study  of  the  excretion  of  such  acids  during 
the  period  preceding  the  onset  of  coma.  I  desire  here  to  call  atten- 
tion to  the  appearance  of  organic  acids  in  the  urine  previous  to  the 
actual  development  of  coma,  with  a  view  to  emphasizing  their  prog- 
nostic significance. 

Methods  op  Detecting  the  Presence  of  Acids 

IN  THE  Urine. 

In  the  cases  to  be  reported  here  the  chief  method  employed  to 
determine  the  amount  of  organic  acids  excreted  has  been  the  process 
consisting  in  the  estimation  of  the  acids  and  bases  of  the  urine.  In 
health  the  urine  contains  four  chief- acids  united  to  five  different  bases, 
and  these  acids  and  bases  very  nearly  neutralize  one  another.  In 
diabetes,  on  the  contrary^  the  total  known  acids  of  the  urine  may  fail 
to  neutralize  the  total  quantity  of  known  bases,  and  there  is  an 
apparent  excess  of  bases.  The  excess  of  bases  over  acids  is  only 
apparent,  for  the  urine  does  not  contain  free  alkali.  The  apparent 
excess  of  bases  is  in  reality  united  to  acids,  but  these  acids  are  not 
the  known  acids  referred  to  above ;  they  are  organic  acids,  and  the 
apparent  excess  of  bases  is  proportional  to  the  quantity  of  organic 
acid  which  is  being  excreted.  On  the  basis  of  these  facts,  which  were 
first  recognized  by  Stadelmann,  Dr.  A.  J.  Wakeman  and  I  have  de- 
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veloped  a  method^  of  estimating  the  organic  acids  of  the  urine,  and 
this  method  has  been  used  in  our  cases.  It  is  of  course  to  be  under- 
stood that  by  this  method  we  do  not  obtain  any  clue  to  the  nature  of 
the  organic  acids,  but  only  a  knowledge  of  their  combining  power. 
This  knowledge  enables  us  to  express  the  amount  of  acid  present  in 
terms  of  oxybutyric  or  any  other  organic  acid,  and  in  reference  to  the 
quantity  of  acid  excreted  in  our  cases  oxybutyric  acid  is  chosen 
because  it  is  the  preponderating  pathologic  organic  acid  in  cases  of 
diabetes. 

The  quantity  of  NH,  excreted  serves  roughly  to  indicate  the  extent 
of  the  excretion  of  the  organic  acids.  This  of  course  depends  on  the 
fact  that  ammonium  is  the  base  chiefly  concerned  with  the  removal  of 
organic  acids  from  the  body.  It  is  estimated  that  a  daily  output  of 
2  grams  NH,  corresponds  to  about  6  grams  of  oxybutyric  acid,  5 
grams  NII3  to  about  20  grams,  and  8  grams  NH^  to  about  36  to  40 
grams  of  oxybutyric  acid,  but  I  shall  show  later  that  a  considerable 
amount  of  organic  acid  may  exceptionally  be  excreted  without  the 
NH3  output  being  above  the  normal.  Nevertheless  the  method  is  a 
valuable  one  for  clinical  purposes.  We  have  determined  the  NH, 
output  as  part  of  the  process  of  balancing  the  acids  and  bases,  but 
have  seldom  relied  entirely  upon  it  as  our  evidence  of  the  excretion 
of  organic  acids. 

In  many  instances  the  presence  of  oxybutyric  acid  has  been  ascer- 
tained by  obtaining  crotonic  acid  from  the  urine  in  the  well-known 
manner.  Little  attention  has  been  paid  to  diacetic  acid,  partly  on 
account  of  its  instability. 

The  Excretion  of  Organic  Acids  Shortly  Before  or 

During  the  Period  of  Coma. 

Cases  I.  and  II. 

The  urines  from  several  diabetic  patients  in  a  state  of  coma  have 
come  under  our  observation.  In  the  first  patient,  a  young  girl  in  the 
care  of  Dr.  E.  G.  Janeway,  the  bases  were  so  much  in  excess  of  the 
acids  in  a  separate  sample  of  340  c.c.  of  urine  that  the  urine  was 
estimated  to  contain  27.17  grams  of  oxybutyric  acid  in  the  last  twenty- 
four  hours.  In  the  second  case,  a  woman  brought  comatose  into  the 
City  Hospital,  without  a  history,  the  excess  of  bases  indicated  the  ex- 
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cretion  of  more  than  10.80  grams  of  this  acid  in  twenty-four  hours. 
In  the  first  case  the  N  of  NH,  was  20.88  per  cent,  of  the  total  N ;  in 
the  second  it  was  16.73  per  cent,  of  the  total  N.  The  second  patient 
came  to  consciousness  after  an  infusion  of  sodium  bicarbonate,  but 
soon  lapsed  again  into  coma.  Autopsy  showed  no  lesions  which 
would  explain  coma  except  an  atrophic  pancreas,  and  the  case  was  re- 
garded as  one  of  diacetic  acid  intoxication. 

Case  III. 

A  third  case  of  diabetic  coma  from  which  the  urine  was  obtained 
was  in  the  surgical  service  of  Dr.  Markoe,  in  Bellevue  Hospital. 
The  small  specimen  of  urine  drawn  from  the  bladder  after  the  onset 
of  coma  contained  13.50  per  cent,  of  N  of  NHj,  and  the  excess  of 
bases  indicated  an  amount  of  organic  acid  equal  to  9  grams  of 
oxybutyric  acid  calculated  for  twenty  four  hours,  assuming  an  excre- 
tion of  10  grams  of  N  in  this  period.  This  is  doubtless  an  under- 
estimate of  the  quantity  of  acid. 

Case  IV. 

Beside  these  three  cases  of  diabetic  coma  I  have  had  under  observa- 
tion four  cases  in  which  coma  appeared  several  weeks  after  the  recog- 
nition of  large  quantities  of  organic  acids  in  the  urine.  One  of  these 
was  a  patient  of  Dr.  J.  S.  Ely,  of  New  Haven.  On  February  26, 
1901,  the  urine  for  the  twenty-four  hours  contained  organic  acids 
equal  to  25.96  grams  of  oxybutyric  acid,  and  20  per  cent,  of  the  N 
wjis  present  as  N  of  NHg.  On  March  20th  (nearly  four  weeks  later) 
the  urine  contained  acids  equal  to  23.72  grams,  of  oxybutyric  acid, 
and  21.28  per  cent,  of  the  N  was  present  as  N  of  NH,.  In  the 
course  of  a  few  weeks  this  patient  died  in  diabetic  coma. 

Case  V. 

The  second  observation  relates  to  a  man  of  thirty,  a  patient  of  Dr. 
H.  P.  Loomis,  who  is  known  to  have  had  glycosuria  for  at  least  six 
months,  and  who  had  lost  considerable  weight  when  the  urine  was 
studied,  November  1, 1900.  On  this  occasion  the  excess  of  bases  was 
equivalent  to  24.62  grams  of  oxybutyric  acid  and  18.45  per  cent,  of 
the  N  existed  as  N  of  NII3.  Two  weeks  later  this  patient  died  in 
diabetic  coma  after  a  short  period  of  drowsiness  from  which  he  was 
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temporarily  roused  by  an  intravenous  alkaline  infusion.  All  the 
urinesifrom  this  patient  that  were  examined  yielded  large  amounts  of 
crotonic  acid. 

Case  VI. 

Another  case  to  be  included  in  this  category  is  that  of  a  child, 
aged  four  years,  in  whom  glycosuria  was  detected  about  one  month 
before  the  time  of  our  first  analysis  of  the  urine.  This  glycosuria 
followed  the  excessive  use  of  sugars  and  starches,  and  was  at  first 
thought  to  be  of  alimentary  origin.  A  twenty-four-hour  specimen 
was  obtained  at  a  time  when  the  child  was  on  a  diet  moderately  re- 
stricted as  regards  carbohydrates.  This  urine  contained  an  amount  of 
organic  acid  equal  to  7.77  grams  /9-oxy butyric  acid — a  considerable 
quantity  for  a  child  of  four  years.  Crotonic  acid  was  obtained,  but 
only  in  small  amount.  The  N  of  NH3  reached  19.57  per  cent.,  and 
the  total  NH3  was  1.46  grams.  Ten  days  after  the  time  of  this 
analysis  the  child  suffered  from  headache,  and  was  given  2  grains  of 
calomel.  The  sugar  in  the  urine  fell  greatly  when  the  calomel  began 
to  act,  and  a  sample  was  obtained  which  showed  only  0.031  per  cent, 
of  sugar  as  indicated  by  titration  with  Fehling's  solution.  The  urine 
at  the  time  of  the  previous  examination  had  contained  4  per  cent,  of 
glucose  (42  graras  in  twenty-four  hours).  An  ammonia  determina- 
tion was  made  to  see  if  there  was  a  corresponding  diminution  in  the 
excretion  of  organic  acid.  It  was  found  that  the  NH3  amounted  to 
2.51  grams  when  calculated  for  the  twenty-four  hours,  and  the  N  of 
NH3  amounted  to  28.11  per  cent.  These  figures  correspond  to  a 
large  quantity  of  organic  acid,  and  the  observation  is  a  striking  ex- 
ample of  the  independence  of  the  excretion  of  sugar  and  organic 
acids.  This  patient  died  in  coma  one  month  after  the  last  observa- 
tion mentioned.  Diacetic  acid  was  always  present  in  the  last  month, 
and  the  acetone  output  was  increased. 

.  Case  VII. 

The  last  observation  in  this  group  relates  to  a  distinguished 
scientist,  aged  fifty-two  years,  under  the  care  of  Dr.  Osier,  who 
had  diabetes  for  at  least  ten  years  before  he  came  under  my  ob- 
servation. The  percentage  of  glucose  had  gradually  increased  from 
0.5  i)er  cent,  to  4  or  5  per  cent.     It  cannot  be  said  that  the  patient 
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exercised  sufficient  care  in  regard  to  the  use  of  carbohydrates.  In 
June,  1900,  after  a  winter  of  hard  work  and  worry,  he  began  to  have 
headaches  at  night  and  giddiness  and  diplopia  during  the  day.  There 
were  also  debility  and  irritability.  These  symptoms  followed  an 
indiscretion  in  diet.  The  urine  for  twenty-four  hours,  ending  the 
morning  of  June  14  (during  the  disturbance)  contained  sugar,  5  per 
cent.  (70  gm.  in  twenty-four  hours),  less  than  0.4  gm.  of  organic 
acid  (calculated  as  oxybutyric),  4.61  per  cent,  of  N  of  NHj,  and 
only  0.66  gm.  of  NH3.  No  test  was  made  for  acetone  or  diacetic 
acid. 

On  October  9th,  after  a  summer  of  rest,  from  which  there  resulted 
a  gain  in  weight  and  strength,  the  urine  of  this  patient  contained 
in  glucose  4.46  per  cent.  (81.17  gm.  in  twenty-four  hours),  N  of  NH, 
3.62  per  cent.,  and  NH3  0.629  gm.  The  organic  acids  of  the  urine 
amounted  to  1.8  gm.  in  terms  of  oxybutyric  acid.  The  increase  in  these 
acids  was  so  small  as  to  be  considered  of  little  prognostic  significance. 
Nevertheless,  the  patient  was  urged  to  see  Dr.  Osier  in  the  hope  that 
he  might  be  induced  to  take  better  care  of  himself.  During  the  end 
of  January,  Dr.  Osier  wrote  that  our  diabetic  patient  had  what  ap- 
peared to  be  an  influenza  infection  with  herpes  of  the  first  division  of 
the  fifth  nerve.  After  losing  much  weight  and  strength  there  was  a 
considerable  recovery  of  weight  and  some  recovery  in  strength,  but 
after  a  short  interval  a  boil  developed  on  the  leg,  the  patient  became 
restless,  vomited  repeatedly,  and  soon  died  in  deep  coma.  Dr.  Futcher 
(to  whom  I  am  indebted  for  notes  on  the  progress  of  the  disease)  states 
that  there  was  a  definite  acetone  odor  to  the  breath  and  that  the  re- 
spiration became  of  a  suggestive  Kiissmaul  type.  The  following  facts 
relative  to  the  urine  were  given  me  by  Dr.  Futcher : 

January  22,  1901.  Specific  gravity,  1033 ;  sugar,  4.2  per  cent, 
(polariscope).  Amount  of  urine  not  stated.  LegaFs  acetone  reaction 
very  marked.  Typical  Gerhardt's  reaction  for  diacetic  acid.  /9-oxy- 
butyric  acid,  0.2. 

2bth,  Specific  gravity,  1037;  sugar,  4.6  per  cent.  Acetone  and 
diacetic  reaction  marked.     ^9-oxybutyric  acid  not  tested  for. 

2%th.  Sugar,  7.9  per  cent.  Acetone  and  diacetic  acid  reactions 
just  appreciable,  and  that  is  all. 

February  VI th.  Sugar,  6.25  per  cent.  No  diacetic  acid  or  acetone 
reactions  present. 


600  HERTER, 

The  seven  cases  included  in  this  group  (of  diabetic  patients)  agree 
in  that  they  all  show  the  presence  in  the  urine  of  large  amounts  of 
organic  acids.  This  was  demonstrated  in  most  instances  by  the 
method  of  balancing  the  acids  and  bases  of  the  urine  and  by  the  le^ 
reliable  but  still  satisfactory  method  of  simply  determining  the  NHj 
of  the  urine.  In  all  the  oases  where  an  attempt  was  made  to  obtain 
crotonic  acid  it  was  found,  and  we  can  regard  this  as  satisfactory  evi- 
dence of  thlB  presence  of  oxybutyric  acid  in  the  urine.  These  results 
are  in  entire  accordance  with  those  obtained  by  Stadelmann,  Naunyn, 
Minkowski,  and  Magnus-Levy  from  patients  either  actually  in  coma  or 
a  few  days  or  weeks  before  the  onset  of  coma.  The  excretion  of 
acids  is  often  greater  before  the  period  of  actual  coma,  for  the  urine 
may  be  considerably  decreased  in  volume  at  the  time  of  unconscious- 
ness. This  was  the  case  in  the  fourth  observation,  which  has  been 
elsewhere  reported  in  detail  by  Dr.  Ely. 

The  relatively  short  time  that  may  elapse  between  an  apparently 
stationary  condition  with  little  excretion  of  acid  and  a  state  of  intoxi- 
cation ending  in  coma  is  well  seen  in  Case  VII.  Analyses  made  in 
June  and  October,  1900,  showed  the  patient  to  be  passing  very  little 
organic  acid  and  to  be  gaining  in  weight  and  strength.  Diacetic  and 
oxybutyric  acid  appeared  during  an  acute  infection  in  January,  1901. 
During  a  short  time  the  patient  gained  weight  rapidly,  and  the  reac- 
tion for  diacetic  acid  could  no  longer  be  obtained.  Then,  after  a 
new  infection,  diacetic  acid  reappeared  and  coma  soon  developed. 
Thus  the  patient  died  in  diabetic  coma  only  six  months  after  the  urine 
was  carrying  away  very  little  organic  acid. 

I  do  not  know  of  any  observation  on  the  urine  of  a  patient  in  dia- 
betic coma  that  has  failed  to  show  the  presence  of  large  amounts  of 
organic  acids.  Our  own  results,  taken  in  conjunction  with  those  of 
Stadelmann,  Naunyn,  Magnus-Levy,  and  others,  show  that  in  diabetic 
coma  and  the  antecedent  period  the  N  of  NHjis  increased  to  between 
16  per  cent,  and  30  per  cent,  of  the  total  N.  In  one  of  our  cases  a 
small  portion  of  urine,  representing  only  a  part  of  the  day's  excre- 
tion, contained  only  13.56  per  cent,  of  N  of  NHj,  but  it  is  likely  that 
the  average  for  a  day  would  have  been  higher.  In  most  instances  of 
coma  the  N  of  NH3  falls  between  16  and  25  per  cent,  of  the  total 
N.  The  actual  quantity  of  acid  excreted  varies  enormously.  If  the 
kidneys  are  inactive  the  quantity  may  not  exceed  10  or  12  gra.  of 


THE    ACID    INTOXICATION    OF    DIABETES.  601 

ozjbutyric  acid.     On  the  other  hand,  Magnus-Levy  mentions  an  in- 
stance in  which  the  amount  was  157  gm. 

The  increase  in  the  excretion  of  NH3  is  satisfactorily  explained  on 
the  hypothesis  that  this  NH3  is  diverted  from  its  usual  conversion  into 
area,  for  the  purpose  of  neutralizing  the  acid  which  is  constantly 
leaving  the  cells  to  pass  into  the  blood.* 

Cases  op  Diabetes  in   which  Considerable    Quantities  of 

Organic  Acids  were   being    Excreted,  and  which 

HAVE  not  yet  Developed  Coma  or  in  which 

the  Outcome  is  Unknown. 

Case  VIII. 

Perhaps  the  most  instructive  case  in  this  group  is  that  of  a  small 
and  emaciated  female,  aged  fifty-five  years,  in  whom  glycosuria  had 
existed  for  about  two  years  at  the  time  of  her  admission  to  the  City 
Hospital.  The  urine  on  October  13,  1900,  contained  organic  acids 
equal  to  13.15  gm.  of  oxybutyric  acid  and  16.34  per  cent  of  the 
total  N  existed  as  N  of  NH3.  The  patient  was  at  this  time  on  a 
free  diet  containing  a  large  amount  of  carbohydrates.  The  diet 
was  restricted  in  carbohydrates,  and  on  November  1st  the  urine 
contained  8.85  oxybutyric  acid,  with  11.65  per  cent,  of  N  as 
N  of  NH3.  Crotonic  acid  was  readily  obtained.  Three  weeks 
later^  the  diet  remaining  restricted  as  regards  carbohydrates,  the  urine 
contained  only  0.98  gm.  of  organic  acid,  while  the  N  of  NH^  had 
fallen  to  3.28  per  cent.  A  specimen  obtained  so  recently  as  March 
27,  1901,  shows  less  than  5  gm.  of  oxybutyric  acid  in  twenty-four 
hours,  and  only  5  per  cent,  of  N  of  NHj.  The  recent  urines  have 
yielded  only  small  amounts  of  crotonic  acid. 

The  instructive  features  of  these  observations  are,  first,  the  fact  that 
the  patient  had  lived  nearly  seven  months  in  spite  of  the  fact  that 
the  urine  contained  so  much  organic  acid  as  to  call  for  16.34  per 
cent,  of  N  of  NH^  to  aid  in  its  neutralization,  a  percentage  seldom 
observed  except  in  patients  on  the  verge  of  coma ;  and,  second,  the 
marked  falling  off  in  the  organic  acids  which  followed  a  moderate  re- 
striction in  diet,  and  which  has  continued  in  spite  of  a  more  liberal 

*  This  BQbJect  is  discussed  In  the  paper  on  the  Pathology  of  Acid  Intoxications  in  the  Trank- 
▲crioxs  OF  THE  Association  of  American  Physicians,  vol.  xv.,  1900. 
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diet  latterly.     The  patient  has  become  very  much  emaciated  and  is 
often  somnolent  during  the  day. 

Case  IX. 

A  similar  observation  was  made  on  a  corpulent  man^  aged  forty-five 
years,  who  has  had  glycosuria  for  ten  years.  For  many  years  the 
rigid  exclusion  of  carbohydrates  from  the  diet  was  promptly  followed 
by  the  disappearance  of  sugar  from  the  urine,  but  for  more  than  a 
year  the  glycosuria  has  persisted  in  spite  of  the  severest  restriction  in 
diet.  On  March  18th  this  patient  passed  3700  c.c.  of  urine  containing 
4.7  per  cent,  of  sugar  and  the  equivalent  of  9.26  gm.  of  oxybutyric 
acid.  After  four  days  on  a  restricted  diet,  2380  c.c.  of  urine  were 
passed  with  2.75  per  cent,  of  sugar  and  only  1  gm.  of  oxybutyric 
acid.  Although  the  patient  continued  to  live  on  a  somewhat  restricted 
diet,  the  acids  increased  to  10.7  gm.  of  oxybutyric  acid  in  less  than 
one  week  from  the  time  of  the  previous  observation.  The  first  of 
the  three  urines  mentioned  yielded  crotonic  acid,  and  there  is  no 
doubt  that  at  least  part  of  the  organic  acid  excreted  consisted  of 
oxybutyric  acid. 

It  is  of  interest  that  no  diacetic  acid  could  be  detected  in  the  urine 
just  mentioned,  although  the  examination  was  promptly  made. 

An  exceptional  and  highly  noteworthy  feature  of  this  case  is  the 
behavior  of  the  nitrogen  of  ammonia.  The  first  analysis  gave  2.42 
per  cent,  of  N  of  NH3,  with  a  total  of  0.82  gm.  of  NHj.  The  sec- 
ond analysis  gave  3.27  per  cent,  of  N  of  NH3,  with  a  total  of  1-08 
gm.  of  NII3.  The  third  analysis  gave  4.14  per  cent,  of  N  of  NH,, 
with  a  total  of  1.31  gm.  of  NH3.  These  values  all  fall  within  the 
limits  of  the  normal  secretions  of  NH3.  This  is  noteworthy,  because 
the  patient  was  excreting  a  considerable  amount  of  organic  acid,  and 
it  is  a  well-established  fact  that  NH3  is  the  principal  base  to  which 
the  organic  acids  are  united  when  thev  are  excreted.  It  is  clear  that 
in  this  instance  the  organic  acid  must  have  been  united  to  some  other 
base  than  NII3,  and  there  is  reason  to  think  that  the  base  is  chiefly 
potassium  * 

•  This  observation  Is  not  entirely  conclusive  as  to  whether  the  boae  removed  by  the  organic 
acid  were  chiefly  K  or  Na,  for  in  our  method  of  balancing  the  acids  and  bases  of  the  urine  th€« 
bases  are  not  determined  directly.  In  this  method  we  assume  that  the  Na  of  the  urine  cor- 
responds closely  to  the  CI  excreted,  and  the  K  is  obtained  by  the  difference,  on  the  basis  of 
mis  assumption.    The  results  must,  therefore,  be  regarded  as  only  approximating  the  troth. 
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The  excretion  of  the  NH^,  the  Na,  and  the  K,  during  and  before 
and  after  the  period  of  restricted  diet  is  indicated  in  the  following 
table : 


Excretion  of  NH3,  Na,  and  K  in  Case  IX  (24-hour  periods). 


Date. 


Diet. 


Excret'n ! 

of       I 

organic  I 

acid  in  I 

•  terms  of  | 
B-oxybu-i    «  j^, 
tyricacid     ^°^^- 


Excretion  of 
NH3. 


Per  ct. 


Excret'n  Excret'n 

of  Na«0      of  K,0 

in  terms  in  terms 

of  Na.        of  Na. 


March  18,  Carbohydrates 
1901.     :    moderately 
restricted. 

March  26,  .Carbohydrates 
1901.     i    excluded 

during  4  days. 

April  1,  'Carbohydrates 
1901.         moderately 
restricted. 


0.26  gm.   0.82  gm.  I     2.42 


<i 


10.07 


■  4 


1.08 


1.31 


8.27 


4.14 


Excretion  of 
sugar. 


Total.      Per  ct. 


6.69  gm.     5.10  gm.   174     gm. 


7.08 


3.82    •' 


65.45 


4.7 


2.75 


4.98    ••       4.82    ••      1012    "         3.68 


The  urine  on  which  the  first  observation  was  made  shows  the 
excretion  of  KjO  in  terms  of  Na  to  be  nearly  as  great  as  the  excre- 
tion of  NajO  in  terms  of  Na.  These  are  not  normal  conditions,  since 
when  a  normal  individual  is  eating  plentifully,  as  in  this  instance,  the 
Na^O  is  only  about  one-half  as  abundant  as  the  KjO.  In  the  second 
observation  the  KgO  ha^  fallen  to  less  than  one-half  the  Na^O,  with 
very  little  change  in  the  total  NagO.  This  fall  in  K,fi  corresponds 
to  the  period  of  strict  diet  and  small  excretion  of  organic  acids,  that 
is  to  the  period  in  which  there  is  no  unusual  demand  from  bases  to 
neutralize  acid.  In  the  third  observation  the  organic  acids  have  again 
increased  to  considerable  proportions,  and  the  K3O  equals  the  NagO. 
We  are  led  to  the  conclusion  that  it  is  chiefly  the  K  which  is  con- 
cerned with  the  removal  of  the  organic  acid.  If  we  had  depended  in 
this  case  on  the  study  of  the  excretion  of  NII3  to  determine  whether 
there  was  any  pathologic  excretion  of  organic  acids  we  would  have 
reached  the  conclusion  that  such  acids  were  not  being  excreted. 
Probably  the  true  condition  could  only  have  been  shown  by  balancing 
the  acids  and  bases  as  was  here  done,  since  diacetic  acid  was  not 
detected  and  the  yield  of  crotonic  acid  was  very  small  and  in  one 
instance  even  questionable. 

The  patient  to  whom  reference  has  just  been  made  is  slowly  losing 
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weight,  but  is  still  a  well-nourished  and  vigorous  individual  capable 
of  doing  exacting  physical  labor.  The  fact  that  the  exclosioD  of 
carbohydrates  no  longer  suffices  to  stop  the  glycosuria  indicates  a 
loss  of  assimilative  capacity  as  compared  with  the  conditions  one  year 
ago.  The  clinical  indications  are  that  this  patient  is  likely  to  do  well 
for  many  months  in  spite  of  a  considerable  excretion  of  organic  acids 
at  times. 

Ca9e  X. 

The  next  case  in  this  category  is  that  of  a  middle-aged  man  who 
came  under  the  observation  of  Dr.  E.  K.  Dunham.  He  first  noticed 
the  excessive  amount  of  his  urine  about  April  7, 1900.  Between  April 
1  and  May  1, 1900,  that  is,  in  one  month,  he  had  lost  50  pounds,  bat 
still  weighed  147  pounds.  He  suffered  from  great  thirst,  anorexia, 
and  debility,  but  was  able  to  bring  a  large  jug  of  his  urine  from 
Englewood,  N.  J.,  to  the  Carnegie  Laboratory,  carrying  it  part  of 
the  way.  The  urine  for  twenty-one  hours  amounted  to  11,500  cc, 
contained  organic  acids  equal  to  30.02  gm.  of  ^3-oxybutyric  acid  in 
twenty-four  hours.  The  N  of  NH,  equalled  17.55  per  cent,  and 
the  total  X  of  XHj  was  3.32  gm.  The  ferric  chloride  reaction  for 
diacetic  acid  was  strong.  In  the  twenty-four  hours  urine  and  sugar 
reached  the  enormous  amount  of  556.3  gm.  The  amount  of  oxy- 
butyric  acid  excreted  makes  it  probable  that  this  man  was  not  far  from 
a  fatal  termination  in  coma,  and  it  is  most  unfortunate  that  the  sab- 
sequent  history  of  the  patient  is  unknown. 

Case  XI. 

A  somewhat  similar  but  less  acute  case  came  under  the  observation 
of  Dr.  G.  A.  Spalding  at  St.  Luke's  Hospital.  A  man,  aged  twenty- 
eiglit  years,  lost  93  pounds  in  three  months,  and  for  six  weeks  pre- 
vious to  the  analysis  passed  large  amounts  of  urine.  At  the  time  of 
the  examination  the  chief  complaints  were  debility  and  great  thirst 
The  urine  for  a  portion  of  the  twenty-four  hours  contained  6.01  gm. 
of  oxybutyric  acid.  The  quantity  for  twenty-four  hours  was  proba- 
bly two  or  three  times  this  amount,  judging  from  the  N  excretion. 
The  N  of  NH3  reached  9.70  per  cent  Crotonic  acid  was  easily  ob- 
tained from  the  urine.  The  patient  continued  to  lose  weight  and 
strength,  but  the  ultimate  outcome  is  not  known. 


THE    ACID    INTOXICATION    OF    DIABETES.  605 

Cane  XII. 

The  last  observation  to  be  included  in  this  category  relates  to  a 
male  patient  of  Dr.  C.  G.  Ransom^  seventy-five  years  of  age,  who  has 
had  persistent  glycosuria  for  several  years.  The  general  health  is 
good,  and  the  patient  is  said  to  be  without  symptoms.  On  November 
4th  the  urine  contained  an  amount  of  acid  equal  to  6.9  gm.  of  oxy- 
butyric  acid,  with  7.08  per  cent,  of  N  of  NH,  and  0.98  gm.  of  NHj. 
The  urine  contained  1.17  per  cent,  of  sugar,  there  being  22.81  gm. 
in  twenty-four  hours.  The  patient  has  been  in  excellent  health  since 
this  observation  was  made,  and  has  been  on  a  diet  moderately  restricted 
in  carbohydrates. 

On  Fe{)ruary  19,  1901,  the  urine  contained  0.32  per  cent,  of  sugar 
and  only  2.2  gm.  of  oxybutyric  acid,  with  3.81  per  cent,  of  N  of  NH,. 

Perhaps  the  most  important  fact  brought  out  by  the  cases  in  this 
group  is  that  a  diabetic  (Case  VIII.)  may  live  many  months  after 
the  appearance  of  a  very  high  percentage  of  N  of  NH,  in  the  urine. 
Sandmeyer's  reports  on  the  cases  studied  and  published  together 
with  Kulz  show  some  remarkable  illustrations  of  this  fact.^  One 
patient  (Case  414)  died  eleven  months  after  the  urine  contained 
3.740  gm.  of  NH3  (average  of  three  different  urines);  another  (Case 
416)  lived  fifteen  months  after  the  urine  showed  7.280  gm.  of  NH,, 
an  enormous  quantity.  Treatment  aside  from  restriction  in  diet  seems 
to  have  had  little  to  do  with  these  remarkable  instances  of  prolonga- 
tion of  life.  In  my  Case  VIII.  the  patient  showed  no  improvement 
in  symptoms  when  the  alkali  treatment  was  instituted. 
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Cases  of  Diabetes  in  which  thebe  is  eithek  no  Pathologic 
Excretion  of  Organic  Acids  or  in  which  the  Excbetiox  is 
Small. 


Date. 


Clinical  notes. 


Add 

In 
terms 

of 


May  8,  Female,  aged 35  years;  Rlycoeuria 
1900.       six  years ;  loss  of  weight,  thirst, , 
nervousness,  cardiac  weakness.     , 

Dec.  5,  Same  patient;  has  continued  to 
1900.       lose  weight  and  strength. 

Oct.  6,  Woman,  aged  50  years,  alcoholic 
1900.       neuritis ;  duration  of  glycosuria  . 
unknown  ;    alcoholic    delirium. 
Died  suddenly  November,  1900. 
No  coma ;  interacinar  pancreati- 1 
tis.  I 

Nov.  12,  Woman,  aged  75  years ;  glycosuria 
1900.    ;  six  years ;  3-4  per  cent,  sugar  on 
j  repeated  examination;  moderate  . 
I  loss  of  weight,  debility,  slight , 
somnolence.  | 

Nov.22,  Man,  aged  80  years ;  strong,  well 

1900.  I  nourished;    glycosuria  for    two 

years.  Was  cured  at  Bellevue 
I  Hospital  two  years  ago.  Drlnk- 
'  Ing  hard  for  2-5  weeks. 

F»b.23,  Male, aged  54  years ;  glycosuria  10 

1901.  I  years ;  from  1-4  per  cent,  glucoee ; 
.  formerly  controlled  by  exclusion 
'•  of  carbohydrates ;  loss  of  10  lbs. 
I  In  three  weeks  owing  to  restricted 
I  diet ;  now  gaining. 

Mar.  7,  Same  patient;  carbohydrates  ex- 
1901.    I  eluded  from  diet  for  five  days 
previous. 

Mar.28,  Same  patient  on  moderately  re- 
1901.      stricted  diet,  gaining  in  weight 
,  and  strength. 

Feb. 24,  Male,  aged  61  years;  glycosuria 
1901.  four  years,  1-2  per  cent. ;  dis- 
1  appears  when  carbohydrates  are 
I  stopped,  (icneral  health  excel- 
lent; inclination  to  corpulency, 
I  no  loss  in  weight ;  cartwhydrates 
I  restricted. 

Apr.  6,  Same  patient  on  a  diet  onlymod- 


Gm. 
L85 


None. 


L85 


l.e2 


None. 


7.05 


1901. 


Apr.  6, 

1901. 


erately  restricted  In  carbohy- 
drates. General  condition  Is  ex- 
cellent. 

Female,  aj?ed  60  years ;  glycosuria 
for  several  years ;  diet  only 
slightly  restricted  as  regards  car- 
bohydrates ;  no  symptoms ;  well 
nourished. 
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The  cases  which  fall  into  this  group  are,  with  two  exceptions  (Cases 
XII.  and  XIV.),  examples  of  diabetes  of  mild  form — that  is,  the  pa- 
tients have  none  of  the  obtrusive  clinical  evidences  of  diabetes^  such 
as  thirst,  polyuria,  and  loss  of  weight  and  strength.  In  Case  XIV. 
an  alcoholic  neuritis  complicated  the  condition,  and  the  sudden  death 
was  probably  connected  with  the  extensive  myocardial  changes.  In 
Cases  XVI.,  XVII.,  XVIII.,  and  XIX.  the  prospects  for  life  appear 
to  be  good.  Case  XIII.  is  one  in  which  the  patient  is  constantly 
losing  weight  and  is  doing  badly  in  other  respects.  The  excretion  of 
organic  acids  is  so  small  that  the  unfavorable  symptoms  cannot  be 
brought  into  relation  with  them.  Case  XV.  has  also  progressed  un- 
favorably, with  an  inclination  to  somnolence,  in  spite  of  the  small 
excretion  of  acids.  In  Case  XVIII.  the  patient  excreted  8.36  gm.  of 
acid  in  terms  of  oxybutyric  acid,  but  crotonic  acid  was  not  positively 
detected. 

We  cannot,  however,  feel  certain  that  the  urine  contained  no 
oxybutyric  acid  because  of  the  imperfections  in  the  methods  of  ob- 
taining crotonic  acid  from  urine.  This  case  might  perhaps  have 
been  included  in  the  second  group. 

The  Relation  between  the  Excretion  of  Organic  Acids 

AND  THE  Excretion  of  Glucose. 

An  examination  of  the  figures  relating  to  the  excretion  of  acids 
and  of  sugar  makes  it  quickly  evident  that  the  fluctuations  in  these 
constituents  of  the  urine  are  by  no  means  proportional.  Thus  in 
Case  VIII.  we  find  the  following  conditions : 

Sugar.  Adds. 


Per  cent.     Total.  Gm. 

October  13,  1900  .        .        ...        .    3.57        110.7        13.15 

November  20,  1900       ....    4.54        147.6  0.98 

Here  we  see  a  marked  increase  in  the  sugar  excreted,  with  a  very 
striking  fall  in  the  quantity  of  acid. 

In  Case  IX.  we  find  somewhat  different  conditions^  as  shown  in  the 
table  (page  603).  In  this  instance  there  was  a  considerable  fall  in 
the  sugar,  but  the  percentage  of  decrease  in  the  acids  is  considerably 
greater. 
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Again,  in  Case  XVII.,  although  there  was  a  fall  nearly  propor- 
tional in  sugar  and  in  acids,  from  February  23d  to  March  7th,  this 
was  followed  on  March  28th  by  a  rise  in  the  excretion  of  sugar,  while 
the  acids  remained  little  changed.  It  is  worthy  of  note  that  in  each 
of  these  three  instances  the  considerable  fall  in  the  excretion  of  acids 
followed  a  restriction  in  carbohydrates  of  the  food.  This  fact  appears 
to  me  to  be  of  considerable  practical  interest.  If  a  patient  who  is 
eating  carbohydrates  liberally  has  a  considerable  quantity  of  organic 
acids  in  the  urine  there  is  the  chance  and  even  the  probability  that  a 
restriction  in  diet  will  be  followed  by  a  considerable  fall  in  this  ex- 
cretion of  acid.  If,  however,  a  patient  passes  the  same  quantity  of 
acid  as  in  the  case  just  mentioned^  in  spite  of  the  fact  that  he  is  get- 
ting no  carbohydrates,  the  outlook  is  likely  to  be  worse  than  in  the 
former  case ;  in  other  words,  we  must  test  the  effect  of  diet  upon 
the  acids  just  as  we  test  its  effect  upon  the  excretion  of  sugar.  Other 
conditions  remaining  the  same,  a  quick  fall  in  the  acids  in  response 
to  diet  is  to  be  considered  a  favorable  indication,  while  the  persistence 
of  a  considerable  excretion  of  acid,  in  spite  of  diet,  is  to  be  considered 
unfavorable. 

It  sometimes  happens  that  considerable  sugar  is  excreted  where 
there  is  little  excretion  of  acid.  Thus  in  Case  VII.  we  find  on  one 
occasion  an  excretion  of  70  gm.  of  sugar  with  less  than  0,4  gm.  of 
acid,  and  on  another  occasion  81.17  gm.  of  sugar  with  1.8  gm.  of  acid. 
On  the  other  hand,  in  Case  XIX.  we  find  only  22.62  gm.  of  sugar 
with  8.36  gm.  of  acid. 

Notwithstanding  these  discrepancies,  it  is  true  that  large  amounts 
of  organic  acids  generally  accompany  large  amounts  of  sugar,  and, 
conversely,  that  a  large  excretion  of  sugar  (more  than  200  gms.  per 
day)  is  usually  associated  with  a  considerable  excretion  of  organic 
acids.  A  small  excretion  of  sugar  (25  gm.)  is  rarely  accompanied 
with  considerable  amounts  of  organic  acids ;  but,  on  the  other  hand, 
small  quantities  of  acid  often  go  with  considerable  amounts  of  sugar 
(75  to  200  gm.  per  day).     (See  Cases  XIII.  and  XVI.) 

A  striking  example  of  the  independence  of  the  sugar  excretion  and 
the  acid  excretion  has  already  been  referred  to  in  connection  with 
Case  VI.  Here  the  excretion  of  acids,  as  indicated  by  the  N  of  NH,, 
was  very  large  at  the  time  when  the  sugar  almost  disappeared  from 
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The  Nature  of  the  Organic  Acids  in  the  Urine  and 

Blood  of  Diabetes. 

Since  the  independent  and  nearly  simultaneous  discovery  by 
Minkowski  and  Kiilz  of  /5-oxy butyric  acid  in  the  urine  of  diabetics 
many  observations  have  been  made  which  leave  no  doubt  that  when 
the  NH3  content  of  the  undecomposed  urine  of  diabetes  is  markedly 
increased  the  presence  of  /9-oxybutyric  acid  can  always  be  demon- 
strated. There  are  two  properties  of  this  acid  which  can  be  utilized 
for  its  detection.  One  is  the  formation  of  crotonic  acid  under  the 
action  of  strong  sulphuric  acid  and  heat.  The  other  is  the  levorotatory 
action  of  the  acid.*  By  the  use  of  methods  based  on  these  properties 
it  has  been  possible  to  show  that  most  of  the  organic  acid  in  the  urine 
of  patients  in  coma  or  in  the  precomatose  state  is  /9-oxybutyric  acid. 
Although  diacetic  acid  is  probably  never  absent  under  these  condi- 
tions, there  is  reason  to  think  that  it  is  never  present  in  the  large 
amounts  in  which  oxybutyric  acid  occurs.  Of  other  acids  in  the 
urine  in  diabetes  we  know  little.  It  seems  by  no  means  improbable 
that  other  organic  acids  are  sometimes  associated  with  /9-oxybutyric 
and  diacetic  acid. 

As  vet  there  have  been  few  observations  on  the  blood  and  tissues 
of  diabetics  which  throw  light  on  the  nature  of  the  acid  in  the  blood. 
It  is  natural  to  suppose  that  as  the  urine  contains  so  much  /9-oxy- 
butyric acid  in  diabetes,  the  blood  must  also  contain  it.  The  acid 
has  indeed  been  discovered  in  the  blood  by  such  careful  observers  as 
Minkowski  and  Magnus-Levy.  The  quantity  reported  by  Minkowski 
is  more  than  2.2  parts  pro  mille.  Magnus-Levy  found  the  acid  in  the 
liver,  spleen,  muscles,  brain,  and  gastric  contents.  It  is  of  interest 
that  considerable  acid  was  found  in  the  brain.  I  was  unable  to  ob- 
tain crotonic  acid  either  from  the  liver,  blood,  or  brain  of  a  patient 
who  died  in  diabetic  coma,  but  do  not  consider  that  the  presence  of 
^9-oxybutyric  acid  can  be  excluded  in  this  case. 

The  discussion  of  the  origin  of  the  organic  acids  formed  in  diabetes 
and  their  relation  to  diabetic  coma  I  shall  reserve  for  another  publi- 
cation. 

I  desire  to  express  my  indebtedness  to  Dr.  A.  J.  Wakeman  for  most 
of  the  analyses  on  which  this  paper  is  founded. 

♦  The  /3-oxybutyric  acid  can  also  be  extracted  directly  from  the  urine. 
Am  Fhys  39 
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Conclusions. 


It  seems  desirable  to  emphasize  the  following  conclusions : 

1.  A  careful  balancing  of  the  normal  acids  and  bases  of  the  urine 
makes  it  possible  not  merely  to  detect  the  presence  of  organic  acids  in 
the  urine,  but  also  to  determine  approximately  the  amount  of  such 
acids.  The  method  recently  described  by  Herter  and  Wakeman  can 
be  recommended  as  securing  a  greater  degree  of  accuracy  for  the 
amount  of  labor  involved  than  any  other  procedure. 

2.  The  determination  of  the  N  of  NHj  is  a  useful  procedure  for 
clinical  purposes,  since  it  is  probably  true  that  a  considerable  excre- 
tion of  organic  acid  (say  15  gm.  oxybutyric  or  more  in  twenty-foar 
hours)  is  always  attended  by  an  increased  excretion  of  NH,.  As 
much  organic  acid  as  corresponds  to  10  gm.  oxybutyric  acid  may  be 
excreted  in  twenty-four  hours  without  causing  an  increased  excretion 
of  NH3  (Case  IX.).  We  cannot,  therefore,  rely  on  the  ammonia  out- 
put to  detect  moderate  quantities  of  organic  acid. 

3.  Where  organic  acids  are  removed  in  considerable  amount  with- 
out increasing  the  excretion  of  NH3  the  acid  takes  out  other  alkalies, 
probably  in  some  instances  chiefly  K. 

4.  In  cases  of  diabetic  coma  the  urine  always  contains  a  large  excess 
of  organic  acids  and  the  N  of  NHj  is  usually  increased  to  18  to  25  per 
cent  of  the  total  N. 

5.  Crotonic  acid  can  regularly  be  obtained  from  the  urines  of  patients 
in  diabetic  coma. 

6.  The  condition  of  diabetic  coma  is  preceded  by  a  period  of  days, 
weeks,  or  months,  in  which  there  is  a  large  excretion  of  oxybutyric 
acid  (20  gm.  or  more  in  twenty-four  hours),  and  in  which  the  N  of 
NH3  is  largely  increased. 

7.  Patient8  whose  urines  show  or  have  shown  a  large  excretion  of 
organic  acids  are  in  danger  of  developing  diabetic  coma,  but  the  N  of 
NH3  may  temporarily  rise  as  high  as  16  per  cent,  and  yet  coma  may 
be  delayed  for  more  than  seven  months  (Case  VII.).  The  persistent 
excretion  of  more  than  25  gm.  of  ^?-oxybutyric  acid  indicates  im- 
pending coma. 

8.  A  patient  passing  30  gm.  of  oxybutyric  acid  in  twenty-four 
hours  may  still  have  enough  energy  and  strength  to  be  about  all  day 
and  perform  considerable  muscular  work  (Case  X.). 
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9.  A  patient  who  has  been  excreting  very  little  organic  acid  and 
has  gained  weight  may  within  a  few  months  show  the  presence  of 
considerable  quantities  of  organic  acid  and  die  in  typical  diabetic 
coma  (Case  VII.). 

10.  When  the  urine  contains  little  or  no  organic  acid  there  is  no 
immediate  prospect  of  diabetic  coma,  but  patients  with  such  urine  are 
probably  liable  to  most  of  the  other  dangers  that  threaten  diabetic 
patients.  The  relation  between  the  degree  of  acid  intoxication  and 
the  susceptibility  to  infection  seems  worthy  of  special  experimental 
study. 

11.  Where  the  urine  regularly  contains  more  than  200  gm.  of 
Bugar  per  day  there  is  usually  considerable  organic  acid  in  the  urine, 
and  large  amounts  of  acid,  indicative  of  coma,  are  invariably  accom- 
panied by  considerable  or  great  glycosuria. 

12.  Sometimes  there  is  much  sugar  and  little  or  no  acid  in  the 
firine,  and  sometimes  there  is  considerable  acid  and  little  sugar.  These 
facts  render  it  desirable  to  examine  the  urine  of  diabetic  patients  at 
least  once  a  month  with  reference  to  the  amount  of  acid  excreted,  for 
the  element  of  acid  intoxication  must  be  clearly  separated  from  the 
clement  of  glycosuria  in  our  study  of  the  progress  of  a  case.  In  other 
words,  we  must  recognize  the  acid  intoxication  as  an  important  and 
sometimes  as  a  dominant  factor  in  the  prognosis,  and  this  element 
should  be  regarded  even  in  those  cases  of  diabetes  which  have  the 
clinical  indications  of  a  mild  type  of  the  disease.  We  may  thus  hope 
to  prolong  life  in  many  instances  by  taking  precautions  as  to  diet  and 
out-of-door  life  which  might  not  otherwise  be  deemed  necessary. 

13.  The  withdrawal  of  carbohydrate  food  frequently  leads  to  a 
considerable  reduction  in  the  quantity  of  organic  acids  excreted. 
The  reason  for  this  is  not  yet  clear,  and  the  phenomenon  deserves 
careful  study. 
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METABOLISM   IN   DIABETIC   COMA,   WITH  ESPECIAL 
REFERENCE  TO  ACID  INTOXICATION. 

By  ELLIOTT  P.  JOSLIN,  M.D., 

OF  BOSTON. 

{From  the  Chemical  Laboratory  of  the  Masmchuwtts  General  Hospital.) 


The  present  case  of  diabetic  coma  is  reported  (1)  because  of  the 
extreme  grade  of  the  acidosis ;  (2)  because  diacetic  acid  was  absent 
for  several  months  before  death ;  (3)  because  of  various  facts  which 
developed  in  the  examination  of  the  urine,  stools,  vomitus,  and  con- 
tents of  the  gastrointestinal  tract.  These  relate  chiefly  to  the  absorp- 
tion of  sodium  bicarbonate,  the  estimation  of  urea  in  diabetes,  the 
increasing  percentage  of  ammonia  to  the  total  nitrogen  excreted,  the 
unusual  amount  of  acetone  as  compared  with  ^9-oxybutyric  acid,  the 
diminution  of  the  chlorin  in  the  urine  and  its  presence  in  the  feces, 
and  the  excessive  excretion  of  potassium.  ; 

Historij  of  the  (hse.  A.  W.,  a  boy,  aged  fifteen  years,  became  thirsty  and  tired 
in  August,  1897.  Since  birth  he  h^d  shown  an  infantile  paralysis,  most 
marked  in  the  left  foot,  but  his  mind  had  always  been  active  and  his  health 
good.  His  parents  were  well,  and  no  case  of  diabetes  had  ever  been  known 
in  the  family.  In  August,  1898,  he  consulted  Dr.  James  J.  Putnam,  who 
kindly  transferred  the  case  to  me.  At  that  time  the  patient's  weight  had 
fallen  from  50.5  kilograms  to  41.6  kilograms,  and  he  presented  the  aymptoms 
of  a  severe  diabetic.  Physical  examination  revealed  little  aside  from  the 
remains  of  the  infantile  paralysis.  The  breath  did  not  give  an  acetone  odor. 
The  urine  amounted  to  eight  liters  on  Auf^ust  18,  1898,  and  contained  520 
grams  of  sugar,  but  no  diacetic  acid  or  acetone.  Following  the  restriction 
of  diet,  the  amount  of  urine  on  August  22d  was  two  liters,  and  it  contained 
76  grams  of  sugar.  Gerhard t's  reaction  for  diacetic  acid  was  marked.  This 
reaction  persisted  until  June  26,  1900,  when  it  disappeared.  It  was  absent 
July  31st  and  September  10th,  but  was  found  when  the  urine  was  next  ex- 
amined, October  14,  1900,  the  day  which  preceded  the  onset  of  coma.  The 
diet  of  the  patient  during  the  greater  part  of  these  two  years  contained,  in 
addition  to  the  usual  '*  strict  diabetic  diet,"  500  c.c.  of  cream,  two  oranges,  15 
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grams  of  bread  and  a  little  whiskey.  This  diet  was  quite  faithfully  fol- 
lowed aotil  the  summer  of  1900.  At  this  time  the  patient  clandestinely  ate 
rather  freely  of  carbohydrates.  The  condition  of  the  patient  was  remarkable 
considering  the  severity  of  his  illness.  Two  weeks  before  his  death  he  spent 
the  whole  of  two  consecutive  days  at  a  country  fair.  The  gain  in  weight 
amounted  to  nine  kilos,  and  two  days  before  his  fatal  illness  was  but  one  kilo 
below  his  best  weight.  The  administration  of  sodium  bicarbonate  was  begun 
August  22, 1898,  and  10  to  20  grams  were  given  daily  without  intermission  for 
the  remainder  of  his  life.  The  sodium  bicarbonate  was  not  omitted  even  during 
the  last  four  months,  when  the  tests  for  diacetic  acid  were  negative.  For 
details  regarding  the  course  of  the  disease  the  reader  is  referred  to  Table  I. 


Table  I.— Progbe88  op  Diabetes  in  a  Boy. 

Onset,  Aagast,  1897. 

Treatment  began  August  18, 1896.     Weight,  August  22, 1898,  41.6  kilos. 

Death  by  coma,  October  19, 1900.    Weight,  October  14, 1900,  49.6  kilos. 


Date. 


1896 

Aug.  16 
'•  18 
"    22 

..    24 

••    29 

Sept.  6 

..    ,2 

"  15 
"  19 
Oct.  1 
10 
17 
"  24 
"  81 
Nov.  14 
M    21 


Amount. 


it 
<« 


1899 

Mar.  13 
Apr.  10 
May  15 
June2l 
Aug.  11 
Oct.  10 
Dec.   4 

1900 

Jan.  29 
Mar.  20 
Apr.  23 
June  26 
July  31 
Sept  10 
Oct.  14 


8000 
2000 
3000 
4000 
4000 
2500 
4000 
4000 
5000 
3000 
2500 
3000 
3000 
3500 
3000 


3000 
2500 
2700 
4000 


Sp.  gr.  Reaction. 


I 

1037    ;     Acid 
1027    '  SI.  acid 
1029    ;     


3000 
3000 


2750 
8000 
3000 
3000 

5000 


1088 
1036 
1084 
]032 
10S3 
1068 

1039 

1040 
1040 


1043 

i'645 
1040 

i'636 
1031 


1035 
1034 
1036 
1034 
'  1034 
'  1038 


Acid 

Acid' 
Acid' 
Acid* 


Albumin.   Sugar.      j^^|' 


^L«^"°  '  NaHCO,  !  Weight. 


0 

SI.  trace 

0 


+ 
520 
76 

268 
312 


228 
415 
207 
210 
264 
234  I 
242  I 
171  ! 


246 
213 

165 


132 
147 
171 
231 
144 
357 


acid. 


0 


Little 
0 


0 
0 

+  i- 

r 
? 

0 


+ 
+  -}- 

-f 

+  +  + 


+  +  + 

4-  f 
+  +  + 


+  +  + 


+  -f -f- 

-f  f 

0 

0 

0 


•• ••••••■ 


il 
(< 

II 

14 

(I 
II 
II 
II 
l« 
It 
■  I 
«« 
II 


14 

II 

4l 
II 
It 

II 
II 


41 
•  I 
II 
II 
I  I 
II 


10-20    I 

II        I 


41.6 


45.5 
44.8 
44.9 
44.9 
46.8 


46.8 


49.1 
48.4 
48.6 
47.7 
48.4 
49.8 
49.2 


50.5 
50.6 
47.3 
47.3 

47.8 
49.5 


The  amount  of  urine  is  expressed  in  c.c.  (cubic  centimeters)-,  the  sugar  and  sodium  bicar- 
bonate in  grams,  the  weight  of  the  patient  in  kilos. 

In  the  early  morning  hours  of  October  16,  1900,  the  patient  was  very  rest- 
less and  thirsty.  This  condition  became  aggravated  during  the  forenoon,  at 
which  time  the  respiration  changed  and  took  on  the  characteristic  type  of 
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diabetic  coma.  At  4  p.m.  he  was  conscious,  but  helpless.  The  pulse  was 
124  and  the  respiration  26.  Daring  the  first  sixteen  hours  of  the  daj  he 
had  taken  ten  grams  of  sodium  bicarbonate  and  some  brandy.  Sodium 
bicarbonate  was  now  given  in  four-gram  doses  about  every  half  hour,  and 
500  c.c.  of  a  3  per  cent,  solution  of  sodium  bicarbonate  was  given  by  the 
rectum.  For  his  thirst  he  took  sodium  bicarbonate  in  water  and  milk.  The 
sodium  bicarbonate  given  by  the  rectum  was  not  retained.  That  given  by 
the  mouth,  with  one  exception,  was  well  borne.  As  the  patient  did  not 
improve,  but  lost  ground  during  the  second  half  of  the  first  day,  1000  c.c. 
of  a  3  per  cent,  solution  of  sodium  bicarbonate,  dissolved  in  normal  saline 
solution,  was  then  injected  intravenously.  The  effect  was  striking.  The 
dyspnea  and  restlessness  disappeared,  the  patient  slept  quietly  for  an  hoar, 
and  passed  the  following  day  in  comparative  comfort. 

During  the  first  day  he  took  in  all  113  grams  of  sodium  bicarbonate,  on 
the  second  day  140  grams,  but  on  the  third  day  the  sodium  bicarbonate  was 
not  so  well  retained.  The  patient  was  not  only  somnolent  but  much  weaker, 
and  the  dyspnea  reasserted  itself.  This  was  temporarily  checked  by  two 
intravenous  injections  of  the  sodium  bicarbonate :  one  of  1500  cc,  the  other 
750  cc.    In  all  for  this  twenty-four  hours  he  received  not  over  92  grams. 

At  the  beginning  of  the  fourth  day  the  patient's  condition  was  very  poor. 
The  temperature  was  95.6°,  and  the  pulse  132.  He  was  within  the  pale  of 
coma,  and  unable  to  keep  down  either  food  or  alkali.  Cnconsciousness 
gradually  came  on,  and  he  died  three  and  one-half  days  after  the  onset  of 
the  complication. 

Table  II.  presents  a  summary  of  the  analyses  of  the  urine  and  stools  dur- 
ing the  coma  period. 

The  autopsy  was  performed  by  Dr.  Oscar  Richardson,  of  which  the  follow- 
ing is  an  abstract  from  his  notes : 

Body  of  a  boy  fairly  developed,  subcutaneous  fat  small  in  amount,  skin 
and  mucous  membrane  pale.  Feet  in  the  position  of  talipes  equinus  varus, 
more  marked  in  the  left  foot.  Tissues  on  section  bleed  very  freely.  Brain 
and  meninges  not  remarkable.  Vessels  of  meninges  markedly  injected. 
Sinuaes  free.  The  lungs,  pleura,  peritoneum,  gall-bladder,  bladder,  prosUte, 
stomach,  and  intestines  presented  nothing  of  note.  .  The  liver  weighed  1826 
grams,  and  on  section  was  normal  in  appearance.  The  spleen  weighed  165 
grams,  and  on  section  was  dark  red  in  color  and  soft.  The  pancreas  was 
rather  small,  dark  red  in  color,  and  softer  than  usual.  The  kidneys  weighed 
19.3  and  196  grams.  Capsules  strip  off,  leaving  a  smooth  surface.  On  sec- 
tion the  tissue  is  firm,  and  the  markings  normal  in  appearance.  The  cortex 
averages  6  mm.  Mesenteric  glands  were  enlarged  and  grayish-red  on  sec- 
tion. Sections  were  hardened  in  Zenker's  fluid  and  stained  in  methylene 
blue  and  eosin. 

Liv*'r :  The  lobular  capillaries  are  dilated,  and  there  is  some  atrophy  of 
the  liver  cells  in  the  central  portion  of  the  lobule.  The  liver  cells  through- 
out the  section  show  a  moderate  amount  of  fatty  metamorphosis. 
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Pancreas:  The  section  presents  nothing  remarkable.  The  islands  of 
Langerhans  show  no  change. 

Kidney :  The  section  presents  nothing  remarkable. 

Sections  of  the  medulla  and  a  small  portion  of  the  cord  from  the  upper 
cervical  region  were  hardened  and  stained  after  Pal's  method. 

Cord :  Section  from  the  upper  cervical  region  shows  in  the  anterior  radicu- 
lar zone  of  each  side  a  small  patch  of  degeneration  of  the  nerve  fibers. 
The  anterior  nerve  root  on  one  side,  near  the  patch  of  degeneration  and  out- 
side of  the  cord,  shows  degeneration  of  its  fibers.  Sections  in  the  region  of 
the  decussation  of  the  pyramids  show  degeneration  in  corresponding  situa- 
tions to  those  mentioned. 

Historical  Resume  of  Acid  Intoxication  Theory.  The  acid 
intoxication  theorj^  of  diabetic  coma  is  of  comparatively  recent  origin, 
but  its  development  has  been  so  uniform  and  logical  that  it  has 
steadily  added  to  the  number  of  its  adherents.  Salkowski^  found  in 
1873  that  it  was  possible  to  withdraw  alkalies  from  the  bodies  of 
rabbits  by  the  administration  of  taurin,  and  that  following  such  with- 
drawal death  occurred.  In  the  year  1877,  Walter^  observed  a  marked 
increase  of  the  ammonia  in  the  urine  of  a  dog  following  the  adminis- 
tration of  dilute  solutions  of  hydrochloric  acid.  Three  years  later 
Hallervorden^  studied  the  excretion  of  ammonia  in  various  diseases, 
and  found  that  it  was  increased  in  diabetes.  Instead  of  the  normal 
amount  of  1  gram,  he  found  at  times  as  much  as  5.95  grams  in 
twenty-four  hours.  As  the  urine  was  always  acid  in  these  cases,  he 
explained  the  acidity  by  an  excessive  excretion  of  inorganic  or  pos- 
sibly organic  acids — products  of  carbohydrate  metabolism.  In  1883 
Stadelmann'  substantiated  his  work,  but  by  a  comparison  of  the  min- 
eral acids  and  bases,  including  ammonia,  showed  that  the  bases  were 
greatly  in  excess  of  the  mineral  acids.  This  allowed  but  one  con- 
clusion, namely,  that  the  acidity  of  the  urine  must  be  due  not  to 
inorganic  but  to  organic  acids.     During  the  following  year  (1884) 

1  Those  familiar  with  Magnus-Levy's  work  will  see  that  in  this  account  of  the  history  of 
diabetic  coma,  as  in  many  other  particulars,  I  have  drawn  freely  from  his  publications. 

'  Ueber  die  Moglichkeit  der  Alkalientziehung  beim  lebenden  Thier.  Vlrchow's  Archiv, 
1873,  Iviii.  p.  1 

3  Untersuchungen  Uber  die  Wirkung  der  Saureu  auf  den  thierischen  Organismus.  Arch.  f. 
exp.  Pathol,  u.  Pharmakol  ,  1877,  vli.  p.  148. 

*  Ueber  Ansscheidung  von  Ammoniak  im  Urin  i)athoIogischen  Zllstanden.  Arch.  f.  exp. 
Pathol,  u.  Pharmakol.,  1880,  xii.  p.  237. 

B  Ueber  die  Ursachen  der  pathologlschen  Ammoniak  ansscheidung  beim  Diabetes  Mellitus 
uud  des  Coma  diabeticum.    Arch.  f.  exp.  Pathol,  u.  Pharmakol.,  1883,  xvii.  p.  419. 
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Minkowski^  showed  that  this  organic  acid  was  /9-oxybutyric  acid, 
and  that  diacetic  acid  and  acetone  could  easily  be  derived  from  it. 
Simultaneously  E.  Kiilz*  made  the  same  observation  by  discovering 
that  the  urines  of  severe  diabetics  after  fermentation  were  levorotatorv. 
But  even  before  the  identification  of  the  acid  Stadelmann  recognized 
its  importance  in  the  pathology  and  treatment  of  diabetes,  and 
especially  diabetic  coma.  He  saw  the  patient,  in  whose  urine  he 
found  large  quantities  of  acid  die  of  diabetic  coma.  Furthermore, 
he  was  struck  by  the  similarity  between  the  coma  symptoms  and 
those  of  the  rabbits  in  which  Walter  had  produced  an  acid  intoxica- 
tion, and  concluded  that  the  cause  was  the  same  in  each  instance. 
Walter  had  found  that  when  more  than  0.9  gram  of  hydrochloric  acid 
per  kilo  body-weight  was  injected  into  a  rabbit  death  occurred  in  a 
few  hours,  with  the  symptoms  of  dyspnea,  cardiac  weakness,  and  col- 
lapse. But  when  he  injected  into  these  same  rabbits,  already  poisoned 
with  hydrochloric  acid,  solutions  of  sodium  bicarbonate  the  above 
symptoms  gradually  passed  off  and  the  animals  recovered.  The  acid 
intoxication  theory  received  more  or  less  recognition,  especially  by 
the  Naunyn  school,  during  the  next  few  years,  yet  was  not  generally 
accepted.'  In  1899,  Magnus-Levy*  strengthened  the  theory  by  the 
publication  of  more  accurate  methods  for  the  isolation  of  the  acid  and 
by  an  account  of  a  case  of  diabetic  coma  which  was  cured  by  the 
administration  of  enormous  doses  of  sodium  bicarbonate.  In  a  sec- 
ond paper,^  which  has  just  appeared,  he  has  added  another  case  to 
the  list  of  cures,  bettered  his  former  method  for  the  estimation  of  the 
acid,  and  studied  the  excretion  of  /9-oxybutyric  acid  in  coma-free 
periods.  This  latter  study  has  also  been  carried  on  by  Herter,  and 
will  be  reported  in  this  same  volume. 

Discussion  of  the  Period  Before  Coma.  It  has  already  been 
mentioned  in  connection  with  the  case  under  discussion  that  diacetic 
acid  was  absent  from  the  urine  when  the  patient  first  came  under 

>  Ueber  das  Vorkommen  von  Oxybuttersfture  im  Harn  bei  Diabetes  Mellftas.  Arch.  f.  expu 
Pathol,  n.  Pharmakol  ,  1884,  xvlil.  p.  85. 

2  Ueber  eine  iieue  linksdrehende  Saure  (Pseudo-oxybuttereUure).  Zeitsch.  f.  Biol..  1884,  xx.  165. 

8  Von  Noorden.  Die  Zuckerkrankheit.  Zweite  Auflage.  Berlin,  189S,  p.  96.  Berliner  klin. 
Wochensch.,  1900,  No.  49,  p.  1117. 

*  Die  Oxy-butiersfinre  u.  ihre  Bezlehungen  zum  (^ma  diabeticum.  Arch.  f.  exp.  Pathol,  a. 
Pharmakol.,  1899,  xlii.  p.  149. 

&  Untersuchungen  Uber  die  Acldoeis  Im  Diabetes  mellitus  und  die  Siiiire-intoxication  in  Coma 
diabeticum.    Arch.  f.  exp.  Pathol,  u.  Pharmakol.,  1901,  xlv.  p.  389. 
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observation.  Following  the  change  in  diet,  it  appeared  and  persisted 
until  July  26,  1900,  not  to  be  found  again  until  the  day  of  coma. 
No  examination  of  the  urine  took  place  between  September  10, 1900, 
and  October  14,  1900,  the  day  on  which  coma  began.  Diacetic  acid 
has  been  and  remains  one  of  the  best  danger  signals  of  threatening 
coma,  and  its  absence  for  months  preceding  coma  is  exceptional. 
Stadelmann^  records  a  case  of  the  absence  of  acetone  and  diacetic 
acid,  but  the  amount  of  ammonia  at  about  the  same  time  was  12.2 
grams,  and  the  excess  of  bases  four  days  later  reached  6  grams. 
Hesse^  and  Germar*  observed  another  patient  whose  urine  immediately 
before  the  onset  of  coma  gave  no  reaction  with  ferric  chlorid.  Re- 
cently von  Noorden^  has  published  an  instance  similar  to  mine  in 
which  the  acid,  though  present  for  over  two  years  in  a  patient  treated 
by  Naunyn  and  himself,  at  length  disappeared  for  several  weeks. 
The  amount  of  ammonia  in  twenty-four  hours  was  about  1  gram  in 
contrast  to  6  to  8  grams,  which  had  been  found  ten  months  before.  At 
the  time  the  diacetic  acid  was  absent  the  patient  observed  no  diabetic 
rules.  Von  Noorden*s  observation,  as  well  as  mine,  was  made  in 
July,  1900.  Both  patients  had  had  diacetic  acid  for  two  years,  and 
more  or  less  simultaneously  with  the  giving  up  of  a  fairly  strict  diet 
ceased  to  show  the  Gerhardt  reaction.  But  in  each  patient  the  acid 
later  reappeared,  and  both  died  in  October,  1900,  of  diabetic  coma. 
Without  an  explanation  of  the  appearance  of  the  acidosis,  its  persist- 
ence for  nearly  two  years,  disappearance  for  the  four  months  preced- 
ing coma,  and  reappearance  during  the  same,  the  acid  intoxication 
theory  of  Stadelmann  would  appear  unreasonable.  The  solution  may 
be  that  which  has  lately  been  most  clearly  enunciated  by  Naunyn.*  I 
refer  to  the  secondary  oxidation  of  these  acid  bodies  in  the  presence 
of  carbohydrates — a  theory  which  has  long  been  considered  prob- 
able. 

The  oxidation  of  acetone  and  diacetic  acid  requires  the  simultaneous 
oxidation  of  carbohydrates.  The  basis  of  this  theory  depends  on  the 
work  about  to  be  described. 

1  Loc.  cit..  pp.  4-28  and  482. 

*  Zar  Behandlang  des  dlabetischen  Coma.    Berl.  klin.  Wochen.,  1888,  p.  379. 

3  Loc.  dt.    stadelmann.    Klinisches  und  Experimentelles  liber  Coma  diabeticum  u.  seine 
Behandlung.    Deut.  med.  Wochen.,  1889,  p.  938. 

*  Die  Zuckerkrankheft  und  ihre  Behandlung.  dritte  Auflage.    Berlin,  1901,  p.  110. 
ft  Der  Diabetes.    Die  Deutsch  Kllnik.    Berlin,  1901,  Bd.  iii.  p.  15. 
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By  the  researches  of  Janicke^  and  Rosenfeld'  it  became  evident 
that  when  carbohydrates  were  withdrawn  from  the  diet  of  a  healthy 
man  acetone  and  diacetic  acid  appeared  in  the  urine.  Hirschfeld^ 
some  years  later,  by  a  series  of  observations  on  diabetic  patients, 
found  that  it  was  not  necessary  to  remove  all  the  carbohydrates.  The 
same  result  was  produced  if  only  the  greater  part  were  removed,  and 
that  in  general  the  severer  the  case  of  diabetes  the  more  carbohy- 
drates could  be  taken,  and  yet  the  reaction  for  acetone  and  diacetic 
acid  in  the  urine  be  obtained.  Finally,  Gerhardt  and  Schlesinger^ 
demonstrated  on  themselves  that  not  only  acetone  and  diacetic  acid, 
but  ,)-oxybutyric  acid  also,  appeared  in  the  urine  when  the  diet  con- 
sisted exclusively  of  meat  and  fat.  All  of  these  observers  agreed 
that  when  even  a  moderate  amount  of  carbohydrates  were  taken  ace- 
tone, diacetic  acid,  and  /9-oxybutyric  acid  soon  disappeared  from  the 
urine.  It  was  not  necessary  even  that  the  carbohydrates  be  given  as 
such  in  a  healthy  person,  since  Hirschfeld  showed  that  when  a  large 
amount  of  proteid  material  was  given  the  patient  enough  carbohy- 
drate was  formed  in  the  body  out  of  it  to  take  the  place  of  ordinary 
carbohydrate  foods.  Magnus-Levy'  was  able  to  show  that  B-oxy- 
butyric  acid  in  severe  cases  of  diabetes  disappeared  when,  under  treat- 
ment, the  tolerance  of  these  patients  for  carbohydrates  rose  and  the 
individuals  assimilated  the  carbohydrates  in  their  food. 

The  explanation  of  the  present  case  would,  therefore,  be  as  fol- 
lows : 

At  the  beginning  of  treatment  the  patient  was  living  on  a  diet  rich 
in  carbohydrates.  A  sufficient  amount  of  these  was  oxidized  to 
ensure  the  oxidation  of  his  acetone,  diacetic  acid,  and  ^J-oxybutyric 
acid,  and  consequently  no  acetone  or  diacetic  acid  was  found  in  the 
urine.  The  carbohydrates  were  in  part  withdrawn,  and  so  little  of 
the  remaining  amount  allowed  him  was  oxidized  that  diacetic  acid 
appeared  in  the  urine.  Living  as  he  did  on  a  considerably  restricted 
diet  for  the  next  two  yeai*s,  the  acid  constantly  escaped  oxidation,  and 

>  Jfinicke.  Beltnige  zur  sog.  Acetonurie  bei  Diabetes  melitus.  Deut.  Archlv  f.  klin.  Medi- 
ciii.  \s^l,  p.  108, 

-  Ko^eiifeld.    Ueber  die  Eiitstehiing  des  AcetoDs.    Deut.  med.  Wochea.,  1895.  S.  68S. 

^  Hirschfeld.  Beobaobtiingen  Uber  die  Acetonurie  und  das  Coma  diabeticum.  Zeitscb.  f- 
kliiii««che  Medicin,  1895,  xxviii.  p.  176,  and  1896,  zxxi.  p.  212. 

«  I'eber  die  Kalk-  und  Magnesianausscbeldung  bleu  Diab.  mel.  u.  Ihre  Bedebong  der 
Au<««icheidiing  abnormer  SaUren.    Arcb.  f.  exp.  Pathol,  u.  Pharmakol ,  1899,  xlii.  p.  106. 

^  Loc.  cit.    Arch,  f,  exp.  Pathol,  u.  Pharmakol.,  1901,  xIt.  p.  408. 
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was  excreted  as  such.  At  the  end  of  this  time,  when  he  discarded  a 
fairly  strict  diet  and  ate  large  amounts  of  carbohydrates,  though  the 
greater  part  of  these  was  undoubtedly  excreted,  enough  was  oxidized 
to  prevent  the  appearance  of  diacetic  acid  in  the  urine.  The  disease 
progressed,  and  the  time  came,  gradually  or  suddenly,  I  do  not  know 
which,  when  little  carbohydrates,  either  taken  as  such  in  the  food  or 
formed  from  proteids  in  the  body,  attained  oxidation,  and  as  a  con- 
sequence the  acidosis  not  only  appeared,  but  appeared  in  strength 
sufficient  to  cause  coma.  The  same  explanation  might  apply  to  von 
Noorden's  case  already  mentioned. 

For  most  cases  of  diabetes  this  explanation  will  certainly  hold. 
But  it  will  not  account  for  the  marked  acidosis  which  was  present  in 
Stadelmann's  case,  or  for  Hesse's  patient,  whose  urine  on  the  day  of 
coma  gave  no  ferric  chlorid  reaction.  A  case  which  has  recently 
occurred  in  Dr.  PfaflTs  practice  also  appears  to  be  governed  by  other 
considerations.  The  patient  is  a  middle-aged  woman,  who  has  a 
diabetes  of  moderate  severity.  For  several  months  there  has  been 
diacetic  acid  in  the  urine.  Of  late  the  sugar  has  not  only  disappeared, 
but  the  patient  has  acquired  a  tolerance  for  carbohydrates  and  takes 
a  few  ounces  daily.  But  the  diacetic  acid  still  persists  in  the  urine. 
The  organism  retains  its  power  of  oxidizing  carbohydrates  in  small 
amounts,  yet  the  secondary  oxidization  of  diacetic  acid  is  interfered 
with.     I  do  not  remember  to  have  seen  the  report  of  a  similar  case. 

Metabolism  in  Coma.  The  urine  and  stools  were  accurately 
saved  from  about  six  hours  after  symptoms  of  coma  appeared  until 
the  patient's  death,  three  days  later.  (See  Tables  II.  and  III.)  The 
amount  of  urine  was  greatest  on  the  second  day,  and  the  acids  ex- 
creted reached  their  maximum  on  this  day  also.  Indeed,  the  amount 
of  acids  varied  directly  with,  the  amount  of  urine.  Magnus-Levy^ 
noted  this  relation  in  both  of  his  cases  which  recovered.  Diuresis 
favors  the  excretion  of  these  acids,  and  as  ^?-oxybutyric  acid  is  only 
excreted  in  dilute  solution  this  may  be  the  explanation  of  the  occa- 
sional recovery  of  patients  from  diabetic  coma  by  the  use  of  diuretics 
and  normal  salt  infusions.  On  October  16th  to  17th  the  percentage 
of  /3-oxybutyric  acid  in  the  urine  was  0.924,  on  October  17th  to  18th 
it  was  0.993,  and  on  October  18th  to  19th  it  was  0.919.     In  all 

*  Loc.  cit. 
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Magnus- Levy's^  cases  he  has  never  met  with  over  0.6  per  cent,  of 
^-oxybutyric  acid  outside  of  coma^  and  only  exceptionally  in  coma, 
with  as  much  as  1.5  per  cent.  This  relation  between  the  amount  of 
urine  and  the  amount  of  acid  excreted  is  an  immensely  practical  one 
and  one  of  the  cardinal  factors  in  the  successful  treatment  of  coma. 

Albumin  was  present,  but  never  exceeded  a  large  trace. 

Casts  were  looked  for  in  the  centrifugalized  urine  on  each  day,  but 
were  not  present  even  in  small  numbers,  except  in  the  urine  found  in 
the  bladder.  This  accords  with  Naunyn*s*  experience,  but  is  in 
marked  contrast  to  that  of  Aldeboff,^  who  has  never  failed  to  find 
casts,  as  described  by  E.  Kiilz,  in  typical  diabetic  coma.  In  the  urine 
found  in  the  bladder  they  were  very  abundant.  This,  Professor 
Wood,  of  the  Harvard  Medical  School,  tells  me,  is  a  common  occur- 
rence in  diseases  other  than  diabetes,  and  is  not  of  significance 

The  amount  of  sugar  in  the  urine  on  the  day  preceding  coma  was 
about  276  grams ;  on  the  first  day  of  coma  it  was  167  grams ;  on  the 
second  day  233  grams,  and  on  the  third  61  grams.  This  is  quite 
according  to  rule,  and  is  readily  explained.  During  coma  so  little 
food  is  taken  that  the  patient  is  in  a  state  of  under-nutrition,  which 
of  itself  will  lead  to  a  reduction  of  the  sugar  output.  For  this  reason 
the  amount  of  sugar  in  the  urine  varies  at  such  a  time  inversely  with 
the  general  well-being  of  the  patient.  Leaving  out  the  estimation  of 
the  day  preceding  coma,  because  that  result  was  only  approximate, 
we  see  that  on  that  day,  during  which  the  patient  was  in  best  condi- 
tion, the  amount  of  sugar  was  the  greatest ;  on  the  day  upon  which 
the  coma  was  coming  on  it  was  less ;  but  on  the  last  day  of  coma  it 
was  least  of  all.  The  reaction  of  the  urine  was  acid  throughout.  This 
is  significant  because  it  is  a  ready  measure  of  the  acidosis.  No  simple 
procedure  gives  so  definite  an  idea  of  the  amount  of  acid  excreted  by 
a  severe  diabetic  as  the  attempt  to  neutralize  the  urine  by  the  adminis- 
tration of  sodium  bicarbonate.  A  neutral  or  alkaline  reaction  is 
obtained,  as  a  rule,  in  the  urine  of  a  healthy  individual  when  10  to  15 
grams  of  sodium  bicarbonate  are  given.  To  produce  this  same  result 
in  a  diabetic  patient  of  the  severe  type,  it  is  not  so  very  uncommon 
to  require  50  grams.  Often  before  the  end  is  attained  the  sodium 
bicarbonate  must  be  given  for  several  days. 

1  Loc.  dt.,  Bd.  xlil.  p.  193.  *  Loc.  cit.,  p.  298. 

8  Kul2.    Kllniscbe  Erfahrangeu  uber  Diabetes  Mellitus.    Jena,  1899,  p.  459. 
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Next  to  the  sodium  bicarbonate  as  a  ready  measure  of  the  acidosis 
comes  the  determination  of  the  ammonia.  The  normal  individaal 
excretes  about  1  gram  of  ammonia  per  day  to  15  grams  of  nitrogen 
— that  is,  about  7  per  cent,  of  the  nitrogen  in  the  urine  is  in  the 
form  of  ammonia.  As  has  been  mentioned  above,  Hallervoden^  dis- 
covered that  this  relation  was  much  changed  in  diabetes,  instead  of  7 
per  cent.  20  per  cent,  being  not  uncommon.  The  highest  percentage 
of  nitrogen,  in  the  form  of  ammonia  to  the  total  nitrogen,  which  I 
have  found  reported  is  in  Magnus-Levy's  second  case,'  in  which  it 
reached  30  per  cent.'  When  sodium  bicarbonate  is  given  to  a  severe 
diabetic  the  amount  of  ammonia  in  the  urine  decreases,^*  ^  because  the 
sodium  obviates  the  necessity  of  synthetic  production  of  an  alkali  in  the 
body.  Case  IV.  of  Magnus-Levy's  series*  shows  well  how  the  amount 
of  ammonia  falls  when  alkalies  are  used.  On  the  first  day  no  sodium 
bicarbonate  was  given,  and  the  percentage  of  nitrogen  in  the  ammonia 
to  the  total  nitrogen  was  18  per  cent.  On  the  second  and  third  days  72 
grams  of  sodium  bicarbonate  were  given,  and  the  percentage  fell  on  the 
second  day  to  13  per  cent.,  and  on  the  third  day  to  12  per  cent  At 
the  same  time  this  makes  it  obvious  that  when  sodium  bicarbonate  is 
administered  the  ammonia  in  the  urine  is  no  longer  a  safe  guide  for 
the  acidosis.  An  increase  in  the  ammonia,  should  it  occur  at  such  a 
time,  would  be  of  marked  significance  and  a  sign  of  very  unfavorable 
omen.  Such  a  change,  in  fact^  takes  place  in  our  case.  On  the  first 
day  of  coma,  though  113  grams  of  sodium  bicarbonate  were  given 
the  patient,  the  ratio  between  the  nitrogen  in  the  ammonia  and  the 
total  nitrogen  was  more  than  twice  the  normal  and  was  one  to  seven. 
On  the  second  day,  when  it  is  remembered  the  patient  had  come  out 
of  coma,  the  proportion  fell  to  one  to  nine.  This,  however,  was  after  the 
administration  of  even  more  sodium  bicarbonate,  140  grams.  As  the 
coma  returned  on  the  third  day,  new  efforts  were  made  by  nature  to  check 
the  advancing  acidosis,  and  the  ratio  rose  to  the  highest  yet — one  to 
five.  It  is  interesting  to  note  that  in  the  last  eight  hours  of  the  pa- 
tient's life  the  ratio  was  still  higher,  namely,  one  to  four.    The  highest 

'  ^^^-  ^ 't  «  Loc.  cit..  Bd.  xlT.  p.  401. 

'  I'nforiimately,  the  amount  of  nitrogen  Is  not  g:iven  in  Stadelmann's  case,  wlKMe  orine 
contained  12.2  grams  of  ammonia  in  twenty-four  hours. 

*  Minkowski.    Loc.  cit. 

i  Stadelmann.    Leber  die  Behandlung  gewlsser  Formen  von.  Diab.  mellitUB  mil  Alkalien. 
Arch.  f.  klin.  Med.,  18H6,  Bd.  xxxviii.  p.  302. 

•  Loc.  cit.,  Bd.xlii.  p.  181. 
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total  amount  of  ammonia  for  any  one  day  was  4.39  grams.  Stadel- 
mann^  records  12.2  grams,  but  this  was  at  a  time  when  the  alkaline 
therapy  was  not  employed. 

Why  is  it  that  in  these  severe  cases  the  amount  of  ammonia  falls 
when  sodium  bicarbonate  is  given,  even  though  the  acidosis  is  not 
overcome  ?  Why  does  not  the  body  continue  to  protect  itself  with 
the  production  of  large  amounts  of  ammonia  ?  Why  when  sodium 
bicarbonate  is  not  given  does  not  still  more  nitrogen  leave  the 
body  in  the  form  of  ammonia  instead  of  urea?  Finally,  why  is  it 
that  when  the  acidosis  is  combated  by  the  administration  of  large 
doses  of  sodium  bicarbonate  and  the  urine  is  alkaline  that  the  am- 
monia does  not  wholly  disappear  ?  At  present  these  questions  cannot 
be  satisfactorily  answered,  and  speculation  is  unprofitable. 

Table  IV. — Excretion  of  Nitrogen,  Ammonia,  and  Urea  during 

Two  Days  of  Diabetic  Coma. 


1 

1 

N 

1 
. 

NU, 

Urea 

Date. 

Braunstein's. 

Squlbb's 

October  18   .... 

Aftf      ■             •             •             ■ 

23.8 
18.7 

8.07 
4.39 

43.6 
29.6 

80 
48 

In  this  connection  your  attention  is  called  to  Table  IV.,  which 
shows  the  amount  of  urea  passed  on  the  last  two  days  of  coma  as  esti- 
mated by  Squibb's^  and  Braunstein's^  methods.  The  molecular 
weight  of  nitrogen  in  urea  constitutes  nearly  one-half  the  weight 
of  the  molecule.  It  is  thus  readily  seen  that  when  the  patient  ex- 
creted 23  grams  of  nitrogen  on  October  18th  it  was  impossible  for 
the  urine  on  that  day  to  have  contained  more  than  twice  that  amount 
of  urea,  namely,  46  grams.  By  Squibb's  apparatus,  however,  I  ob- 
tained 80  grams  of  urea.  On  October  19th  the  relation  was  some- 
what similar.  This  led  me  to  investigate  the  matter,  and  I  found 
that  acetonC;  ^-oxybutyric  acid,  or  ammonia  alone,  when  introduced 
into  the  Squibb's  apparatus,  acts  like  urea.  To  settle  the  point,  the 
amount  of  urea  on  these  two   days  was  analyzed   by  Braunstein's 

I  LOC.  clt.,  Bd.  xvll.  p.  428. 

>  Ogden.    Examination  of  the  Urine.    Philadelptiia.  1900. 

»  BrauDstein.    Hoppe-Seyler's  Zeitscli.  f.  Phys.  Chemle,  1900,  zxxl. 
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method.  Three  analyses  were  made  in  each  case.  By  this  method 
the  amount  of  urea  was  obtained  which  was  consistent  with  the  other 
facts  in  the  case.  Squibb *8  method  for  the  estimation  of  urea  is  not 
of  value  in  a  severe  case  of  diabetes.  One  of  my  assistants  hopes  to 
show,  however,  that  it  still  has  uses  in  the  practical  treatment  of 
diabetes.  Stadelmann^  mentions  a  case  in  which  the  excretion  of 
urea  reached  134  9  grams.  It  has  not  been  possible  for  me  to 
test  the  accuracy  of  the  method  which  he  employed.  In  looking 
over  my  records  I  find  in  the  first  case  of  diabetes  which  ever  came 
under  my  observation  that  on  August  31,  1893,  the  amount  of  urea 
as  determined  by  Squibb's  apparatus  was  106  grams.  The  total 
quantity  of  urine  on  this  day  was  3000  c.c,  and  it  is  striking  to  note 
that  on  this  day  the  quantity  of  urine  was  less  than  at  any  time  be- 
tween August  4,  1893,  and  January  31,  1894,  and  also  that  the 
amount  of  sugar  excreted  on  the  same  day  was  the  smallest  in  amount 
during  the  same  period.  When  the  patient  on  a  free  diet  excreted 
10,000  c.c.  of  urine,  the  urea  was  but  44  grams.  There  is  little 
doubt  that  the  high  amount  of  urea  on  August  31st  was  really  simply 
a  combination  of  urea,  acetone,  ammonia,  and  ^-oxybutyric  and, 
perhaps,  other  acids,  the  great  increase  of  these  latter  bodies  having 
been  brought  about  by  restrictions  in  diet. 

Increased  proteid  metabolism  was  long  ago  considered  to  be  an 
accompaniment  of  coma.  Recently,  Sternberg*  has  advocated  the 
same  view.  Weintraud,^  Magnus-Levy*  and  others  have  shown  this 
not  to  be  the  case.  The  weight  of  my  patient  is  a  striking  confirma- 
tion of  their  views.  Two  days  before  the  onset  of  coma  it  was  within 
one  kilo  of  the  highest  it  ever  attained  preceding  or  during  his  illness. 
The  amount  of  nitrogen  also  is  against  any  excessive  nitrogenous 
metabolism  and  Sternberg's  amidobutyric  acid  theory.  On  the  16th 
to  17th  the  nitrogen  was  18.5  grams;  on  the  18th  to  19th,  18.7 
grams.  On  these  two  days  he  ate  little.  On  the  intermediate  day, 
when  he  ate.  freely  and  took  large  amounts  of  liquid,  the  nitrogen 
rose  to  23.8  grams,  which  is  not  inconsistent  with  his  diet  and  the 


>  Arch.  f.  ex  p.  Pathol,  u.  Pharmakol.,  1883,  xvH.  p.  434. 

•  Cheraisches  u.  Experimentelles  zur  Lehre  von  Coma  dlabeticum.    Zeitsch.  t  klin.  Med., 

1899.  xxxviii.  p  74. 

8  Ueberdie  Aussoheldung  von  Aceton,  Di-Aceteliure,  u.  B-oxybuttersiure  beim  Diab.  Mel. 
Arch.  f.  exp.  Pathol,  u.  I'harmakol  ,  1894,  xxxlv.  p.  169. 


*  Log.  clt.,  Bd.  xlii.-xlv. 
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marked  diuresis.  It  is  a  well-known  fact  that  diabetic  coma  comes 
on  unexpectedly  when  patients  appear  to  be  in  fair  health.  It  is  not 
80  thoroughly  appreciated  that  it  may  develop  even  when  their  nutri- 
tion is  at  its  best.     This  I  have  seen  in  several  cases. 

Acetone.  This  was  estimated  by  the  Messinger-Huppert  method. 
Control  tests  were  made  with  normal  and  other  diabetic  urines  »t>d 
with  urine  to  which  chloroform  (the  preserving  agent  employed)  had 
been  added.  The  amount  of  acetone  obtained  is  unusually  high. 
Magnus-Levy*  says  that  10  grams  have  been  found  only  once  or 
twice  in  adults.  In  his  patient  during  coma  the  amount  of  acetone — 
and,  of  course,  this  includes  diacetic  acid — reached  16,  16,  and  18.7 
grams.  On  the  first  day  of  coma  my  patient  excreted  17.1  grams, 
on  the  second  32.3  grams,  on  the  third  26.7  grams — a  larger  amount 
than  I  have  been  able  to  find  elsewhere  recorded.  It  is  unfortunate 
that  we  are  not  able  to  say  how  much  existed  preformed  as  acetone 
and  how  much  as  diacetic  acid,  but  from  von  ArnoldV  work  it  is 
probable  that  it  is  mostly  as  diacetic  acid.  Weintraud^  and  Mayer* 
both  showed  that  acetone  was  increased  when  sodium  bicarbonate  was 
given.  This  was  obvious  in  both  of  Magnus-Levy's  cured  cases  as 
well  as  in  mine.  Magnus-Levy  explains  this  as  not  due  to  any  oxi- 
dizing action  of  the  alkalies  when  introduced  into  the  body,  but  rather 
to  the  fact  that  the  sodium  bicarbonate  favored  the  excretion  of  the 
acid  by  forming  a  salt.  Why  the  quantity  of  acetone  in  my  case  should 
be  90  high  relatively  to  the  quantity  of  ^5-oxybutyric  acid  as  compared 
with  other  cases  of  coma  may  or  may  not  be  important.  The  presence 
of  acetone  in  large  amount  shows  how  extensive  the  deranged  metab- 
olism is,  but  it  also  implies  that  a  great  deal  of  ^9-oxybutyric  acid  is 
being  produced,  of  which  a  considerable  part  is  carried  to  the  acetone 
stage.  Weintraud*  saw  diacetic  acid  increase  when  sodium  bicarbonate 
was  given,  but  not  the  /9-oxybutyric.  This  occurred  in  light  cases. 
The  inference  might  be  drawn  that  my  case  was  not  so  severe  a  type 
as  those  of  Magnus-Levy,  since  in  my  case  the  ^9-oxybutyric  acid  was 
more  thoroughly  oxidized.  To  be  sure,  his  patients  lived  and  mine 
died,  but  his  cases  were  in  younger  persons — thirteen  and  twelve  years 

>  Loc.  cit.,  Bd.  xlll.  p.  184. 

<  Ueber.    Macbweis  a.  Vorksommen  der  Acetessigsiiare  In  pathologischen  Harnen.    Cent, 
f.  inn.  Med.,  1900,  p.  417. 
»  Loc.  cit.,  p.  183.  <  Loc.  cit.,  p.  178,  Weintraud's  article. 

*  Loc.  cit. 

Am  Phys  40 
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of  age  respectively.  He  calls  attention  to  the  fact  that  cures  in 
diabetic  coma  have  almost  invariably  taken  place  in  children. 

The  acetone  odor  to  the  breath  was  not  particularly  striking  in  this 
patient,  and  I  have  observed  the  same  circumstance  in  another  case 
of  coma  where  the  patient  for  weeks  preceding  had  taken  large  doses 
of  sodium  bicarbonate.  It  would  be  interesting  to  note  whether  in 
patients  with  diabetic  coma  who  have  not  gone  through  the  alkaline 
treatment  the  odor  of  acetone  is  more  marked  than  in  those  who 
have  taken  alkalies.  This  is  a  clinical  fact  which  confirms  von 
Arnold's  statement  mentioned  already — that  little  of  the  acetone 
exists  preformed. 

/?  OXYBUTYRIC  AciD.  The  ^-oxybutyric  acid  was  extracted  by 
a  method  taught  me  by  Magnus-Levy.  This  he  has  since  pub- 
lished.* Briefly  it  is  as  follows :  To  400  c.c.  of  urine  are  added  15 
or  20  grams  of  ammonium  sulphate,  and  the  urine  evaporated  to 
about  80  c.c.  An  aliquot  part  of  the  filtrate  corresponding  to  250 
c.c.  of  urine  is  mixed  with  a  dilute  solution  of  sulphuric  acid  satu- 
rated with  ammonium  sulphate.  This  acid  fluid  is  shaken  for  fifteen 
minutes  with  400  c.c.  of  ether.  If  900  c.c.  of  ether  are  used,  twelve 
extractions  are  sufficient.  The  ether  after  each  extraction  is  washed 
with  a  small  amount  of  water  (25  c.c),  the  same  portion  being  used 
throughout.  Finally,  the  combined  ether  extracts  are  distilled  and 
the  /9-oxybutyric  acid  remains  as  a  clear  dark-brown  liquid.  In  ad- 
dition to  /9-oxybutyric  acid,  Magnus-Levy^  has  found  that  the  residue 
contains  hippuric  acid,  volatile  fatty  acids,  and  a  remaining  acid 
equivalent,  which  he  was  unable  to  identify  and  isolate. 

In  the  present  case  900  c.c.  of  ether  were  used  for  each  extraction, 
of  which  ten  were  made  with  the  urine  passed  on  the  16th  and  17th, 
and  five  for  that  of  the  other  two  days.  In  the  two  latter  instances 
more  acid  was  obtained  by  five  extractions  than  by  ten.  The  method 
consumes  much  time,  and,  unfortunately,  is  liable  to  unlooked-for 
errors.  By  tliis  method  on  the  first  day  the  amount  of  oxy butyric 
acid  thus  isolated  and  determined  by  means  of  the  polariscope,  using 
the  new  rotary  angle^  of  24.1°,  was  55.9  grams,  on  the  second  day 
96.3,  and  on  the  third  69.8.  If  we  add  to  this  the  diacetic  acid  ex- 
creted, estimating  that  the  acetone  obtained  was  simply  derived  from 

>  IjOC.  cit.,  xlv.  p.  890.  *  Loc.  cit.,  xlv.  p.  891. 

s  IjOC.  cit,,  xlv.  p.  397. 
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diacetic  acid,  we  have  a  total  of  diacetic  and  /?-oxybutyric  acids  ex- 
tracted for  the  two  days  of  86.0, 153.1, 116.8  grams,  a  larger  amount 
than  I  have  been  able  to  find  elsewhere  reported. 

The  only  other  reliable  method  of  determining  the  acidosis  is  by 
the  estimation  of  all  the  acids  and  bases.  This  was  employed  by 
Stadelmann  and  referred  to  in  the  earlier  part  of  this  paper.  Here, 
of  course,  we  estimate  not  one  acid  but  many.  The  chief  acids  are 
^-oxybutyric  and  diacetic.  For  a  discussion  of  the  other  acids  the 
reader  is  referred  to  Magnus-Levy's  second  article.  The  estimation  of 
the  total  acidosis  by  a  calculation  of  the  /9-oxy butyric  acid  equivalent 
for  the  excess  of  bases  is  more  accurate  than  the  methods  of  extrac- 
tion. This  is  natural,  not  only  because  the  quantitative  estimation 
of  inorganic  elements  is  much  simpler  than  a  quantitative  extraction 
of  organic  compounds,  but  also  because  of  the  various  volatile  acids 
which  are  present  to  a  greater  or  less  degree.  The  results  obtained 
by  extraction  are  always  smaller  than  those  obtained  by  calculation 
of  the  excess  of  bases.  In  my  case  the  difference  approximates 
closely  to  the  difference  obtained  by  Magnus-Levy  in  his  cases.  Thus 
on  the  first  day  the  acidosis  by  extraction  was  86  grams ;  by  excess 
of  bases,  108.1  grams;  on  the  second  day,  153.1  as  contrasted  with 
180.7 ;  on  the  third,  116.8  in  contrast  to  148.6. 

During  the  three  days  of  the  coma  437  grams  of  acid  were  excreted. 
This  amounted  to  three  grams  per  kilo  body-weight  per  day.  Taken  in 
conjunction  with  Magnus-Levy's  two  cases,  this  goes  to  show  that 
the  formation  of  large  amounts  of  acids  in  diabetic  coma  is  not  simply 
a  coincidence,  as  has  recently  been  suggested  by  Sternberg.^ 

A  comparison  between  the  case  just  reported  and  those  of  Magnus- 
Levy  which  successfully  recovered  from  coma  shows  that  our  patient, 
excreting  3  grams  per  kilo  body-weight,  died,  while  his,  excreting 
respectively  4  and  4.5  grams  per  kilo  body-weight,  lived.  The  total 
amount  of  acids  excreted,  to  be  sure,  was  greater  in  the  present  case ; 
but  this  is  not  so  much  to  the  point  as  the  amount  of  acid  in  propor- 
tion to  the  weight  of  the  individual.  During  the  coma  period  32 
grams  of  sodium  in  the  form  of  sodium  bicarbonate  were  taken  daily 
by  our  patient,  but  in  Magnus-Levy\s  two  cases  35  grams  were  given. 
But  in  our  case  and  in  his  earlier  case  the  loss  of  sodium  in  the 

1  Zeitsch.  f.  klinischc  Medicin,  1»99,  xxxvlil.  p.  G9. 
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stools  (see  Table  V.)  was  very  great,  while  in  his  second  case  it  was 
very  slight.  Sodium  was  also  lost  in  my  case  in  the  vomitus,  and  a 
considerable  amount  also  remained  unabsorbed  in  the  gastrointestinal 
contents  (see  Table  YI.).  The  reaction  of  the  urine  remained  acid 
to  the  end,  and  if  more  alkali  had  found  its  way  into  the  circulation 
it  is  a  legitimate  inference  that  more  acid  would  have  been  excreted. 
It  is  the  amount  of  acid  which  remains  in  the  body  that  kills  the 
patient^  for  on  the  second  day  of  the  coma  period  in  my  case,  the  day 
during  which  181  grams  of  acid  were  excreted,  the  patient,  though 
in  a  very  critical  condition,  was  out  of  coma. 

Tablb  V. — Analyses  of  Fecej*. 


\  Na 

7.3  ^ramu 

Id 

twenly-four  hoars. 

October  16-17 

K 

2.13    •• 

<• 

17-18  ■ 

CdO 

0.25    '• 

(• 

ft           « 

18-19 

MgO 

0.05    " 

•• 

<(            it 

^  CI 

3.10    " 

>i 

(1           << 

Table  VI.— Analysis  op  Vomitds  and  Contents  of  Gastro- 
intestinal Tract. 

Na 5.72  grams. 

K 11.50 

CI 5.80 

The  formation  and  excretion  of  ^9-oxybutyric  acid  outside  of  coma 
has  been  studied  by  Magnus- Levy  and  Dr.  Herter.  Magnus-Le\7 
found  that,  under  the  administration  of  large  doses  of  sodium,  the 
amount  of  ^9-oxybutyric  acid  excreted  reached  60  grams,  and  yet  the 
patient  showed  no  signs  of  coma.  As  soon  as  this  amount  was  ex- 
ceeded, symptoms  developed.  It  is  questionable  whether  an  individual 
would  be  able  to  endure  an  acidosis  of  the  intensity  which  this  amount 
implies  were  he  not  previously  protected  by  the  administration  of 
large  doses  of  sodium  bicarbonate. 

Comment  has  already  been  made  in  passing  on  the  increasing  ratio 
of  the  nitrogen  in  the  ammonia  to  the  total  nitrogen  as  the  final  symp- 
toms of  coma  came  on.  This  was  not  the  only  effort  which  the  body 
made  to  avert  the  threatened  acid  intoxication.  This  is  obvious  from 
a  study  of  the  calcium  in  the  feces  and  urine.  Normally  90  per  cent, 
of  the  calcium  in  the  body  is  excreted  in  the  stools,  but  in  this  instance 
metabolism  was  altered  and  the  calcium  in  the  urine  was  in  excess. 
During  the  coma  period  the  stools  contained  0.75  grams  of  calcium, 
but  the  urine  2.03  grams,  or  63  per  cent.     This  confirms  Gerhardt's 
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and  Schlesinger's*  work,  who  found  59  per  cent,  of  the  total  calcium  in 
the  urine  of  a  severe  diabetic,  and  41  per  cent,  in  the  stools.  When  no 
alkalies  were  given  the  quantity  in  the  stools  fell  to  23  per  cent.  Mag- 
nesium is  normally  excreted  chiefly  in  the  urine,  40  per  cent,  only 
appearing  in  the  feces.  In  our  case,  however,  during  the  three  days 
there  was  0.55  gram  in  the  urine,  but  only  0.15  gram  in  the  stools. 
The  percentage  of  magnesium  excreted  in  the  urine  was,  therefore,  73 
per  cent,  instead  of  the  normal  excretion  of  60  per  cent.  Thus,  again, 
nature  neutralized  the  acids  from  her  own  resources. 

The  amount  of  sodium  found  in  the  urine  during  the  three  days 
was  80  grams.  During  the  same  time  approximately  95  grams  were 
given  as  sodium  bicarbonate.  Table  Y.  shows,  however,  that  22 
grams,  or  23  per  cent.,  were  unabsorbed  and  lost  in  the  stools,  pre- 
sumably on  account  of  the  diarrhea.  Such  an  excessive  loss  is  very 
unusual.  Kozerski,^  who  studied  this  question,  found  in  diarrhea 
that  only  about  15  per  cent,  escaped  absorption.  The  contrast  be- 
tween the  absorption  of  sodium  in  my  case  and  the  second  case  of 
Magnus-Levy *s  is  remarkable,  for  in  his  but  half  of  1  per  cent,  was 
excreted  in  the  feces.  When  we  deduct  also  the  sodium  found  in  the 
vomitus  and  gastrointestinal  contents  (see  Table  VI.),  5.72  grams,  we 
have  only  a  total  of  67  grams  of  sodium,  equivalent  to  244  grams  of 
sodium  bicarbonate  absorbed  during  the  three  days.  At  the  time  of 
the  patient's  illness  it  was  supposed  that  he  was  taking  nearly  double 
this  amount.  This  is  only  another  illustration  of  the  erroneous  conclu- 
sions to  which  bedside  observations  not  based  on  scientific  data  may 
lead.  Bearing  this  in  mind,  it  is  easier  to  understand  the  recovery 
of  Magnus-Levy's  cases  and  the  fatal  issue  of  mine.  Some  sodium 
was  contained  in  the  milk  which  the  patient  took  during  the  three 
days,  but  the  balance  of  the  sodium  must  have  come  from  that  already 
stored  up  in  the  body.  This  supply,  however,  is  incapable  of  neu- 
tralizing more  than  about  80  grams  of  ;?-oxybutyric  acid.* 

The  quantity  of  potassium,  as  can  be  seen  by  consulting  Tables  IV. 
and  v.,  was  high  in  both  urine  and  stools ;  in  fact,  I  have  met  with  no 
instance  in  which  as  much  potassium  was  present  in  the  urine  as  was 


1  Ueber  die  Kalk-  und  Mofrnesian  ausscbeidiing  beim  Diabetes  Mcllitus  und  ihre  Beziebung 
zur  Aiisscheidung  abnormer  Saiireii.    Arcb.  f.  exp.  Patbol.  u.  Pharmakol.,  1899,  zlii.  p.  83. 
»  Loc.  dt.,  by  Magnus- I^evy.    Arch.  f.  exp.  Pathol,  u.  Pharmakol.,  1901,  xlv.  p.  407. 
s  Magnus-Levy.    Arch.  f.  exp.  Patbol.  u.  Pharmakol.,  1899,  xlii  p.  194. 
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excreted  by  my  patient  on  the  second  day,  namely,  8.87  grams.  Stadel- 
mann  and  Magnus-Levy  both  found  the  same  increase  of  potassium  in 
their  cases.  This  would  also  appear  to  be  due  to  some  deranged  metab- 
olism. Kozerski^  has  shown  that  such  an  increase  takes  place  when 
large  doses  of  sodium  bicarbonate  are  given.  In  this  case,  however, 
less  sodium  bicarbonate  was  given  than  in  some  others,  yet  the 
amount  of  potassium  is  greater. 

The  chlorin  was  very  low  in  my  case  in  the  urine,  and  amounted 
to  1.7  grams,  1.1  grams,  and  1.2  grams  on  the  three  days  respec- 
tively. It  amounted  to  9.3  grams  in  the  stools,  and  in  the  vomitus  and 
gastrointestinal  contents  5.8  grams  more  were  found.  Taking  the 
total  amount,  the  excretion  of  chlorin  is  approximately  normal.  In 
Magnus-Levy's  sixth  case  the  chlorin  was  only  0.6  gram  on  the 
day  the  most  acid  was  excreted.  Stadelmann*  observed  this  point, 
and  showed  that  when  there  was  diarrhea  in  these  cases  chlorin 
would  be  found  in  the  stools,  presumably  having  combined  with  the 
sodium  in  the  stomach.  Magnus- Levy  records  no  diminution  of 
chlorin  in  the  urine  in  one  case  of  diabetic  coma,  but  in  this  case 
diarrhea  was  absent.  This  is  quite  in  line  with  the  explanation  just 
given. 

In  diabetic  coma  we  deal  with  an  individual  who  is  undergoing 
tremendous  alterations  in  his  metabolism.  Substances  which  once 
served  as  nutrients  are  now  no  longer  of  avail,  and  the  more  the  nor- 
mal metabolism  of  these  substances  is  interfered  with  the  more  the 
various  products  which  quite  likely  are  normally  formed  in  the  process 
of  katabolism  escape  complete  oxidation  and  appear  in  the  urine. 
Of  these  substances  we  are  at  present  acquainted  with  one  group — 
/9-oxybutyric  acid  and  its  derivatives.  We  know  this  is  harmful  to 
the  body,  not  because  of  any  specific  quality  which  it  possess^,  but 
from  the  acid  radical  which  it  contains.  A  priori^  we  should  consider 
the  formation  of  437  grams  of  an  acid  in  the  body  enough  to  cause 
changes  threatening  to  the  life  of  an  individual.  But  the  body  itself 
is  the  best  witness  to  this  fact,  first,  in  its  increased  production  of 
ammonia,  and  second,  in  the  altered  excretion  of  calcium  and  mag- 
nesium. We  have  a  direct  relation  between  the  symptoms  and  the 
acidosis.     On  the  second  day  of  the  coma  period,  the  day  during 

^  Loc.  clt.,  by  Magnus-Levy,  Bd.  xlii.  «  Loc.  cit.,  by  Magnus-Levy,  Bd.  xUi. 
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which  the  patient  was  most  free  from  coma,  not  only  was  the  ratio  of 
ammonia  to  the  total  nitrogen  the  least,  but  the  acids  removed  from 
the  body  the  greatest.  When  coma  returned  the  ammonia-nitrogen 
ratio  increased.  At  the  present  time  the  number  of  cases  in  which 
/9-oxy butyric  acid  has  been  demonstrated  during  coma  is  well  toward 
100.  The  present  case  is  distinguished  by  its  severity,  and  thus  lends 
weight  in  a  more  than  usual  degree  to  the  already  accumulated  evi- 
dence that  diabetic  coma  is  the  result  of  an  acid  intoxication. 

In  closing  I  wish  to  express  my  indebtedness  to  Professor  Franz 
Pfaff  for  his  interest  and  help  in  this  investigation. 

Note. — The  inorganic  analyses  and  the  estimation  of  urea  by 
Braunstein's  method  were  performed  for  me  by  Mr.  G.  W.  Knight. 
The  methods  fcr  the  inorganic  analyses  were  the  same  as  those  em- 
ployed by  Magnus-Levy. 


DISCUSSION. 

Dr.  Vaughan  :  The  subject  presented  in  these  papers  is  one  of  great 
interest,  and  I  desire  to  speak  some  words  of  praise  for  the  excellent  work 
just  reported  here.  There  are  one  or  two  practical  points  which  I  desire  to 
mention  in  this  connection.  I  think  that  it  must  be  admitted  that  we  do  not 
yet  know  the  nature  of  a  poisonous  agent  in  what  we  call  the  acid  intoxica- 
tion of  diabetes.  It  probably  is  not  /?oxybutyric  acid  or  acetone,  and  there 
is  good  reason  for  believing  that  it  is  not  the  acid  of  which  Dr.  Sternberg 
speaks.  It  is  true  that  in  some  cases  of  diabetic  coma  the  administration  of 
sodium  bicarbonate  apparently  is  beneficial,  but,  as  a  rule,  this  treatment 
fails.  Dr.  Herter  has  shown  most  admirably  that  there  is  no  constant  rela- 
tion between  the  amount  of  sugar  and  the  acids  that  are  excreted,  and  I  am 
of  the  opinion  that  many  patients  with  diabetes  are  injured  by  excessive 
nitrogenous  feeding.  The  probability  is  that  the  poisonous  agent,  whatever 
it  may  be,  comes  from  nitrogenous  antecedents  either  in  the  food  or  in  the 
tissue,  and  that  it  does  not  come  from  carbohydrates.  I  am  very  much 
interested  in  the  large  amount  of  potassium  which  Dr.  Herter  has  found  in 
his  cases  of  diabetic  coma.  I  infer  that  this  finding  indicates  tissue  disin- 
tegration, for  I  do  not  know  of  any  other  source  from  which  so  large  an 
amount  of  potassium  can  come.  I  should  like  very  much  to  have  Dr.  Herter's 
opinion  on  this  point. 

Dr.  Herter  :  I  would  like  to  say  in  regard  to  the  failure  of  the  alkali  treat- 
ment, that  the  organic  acid  is  produced  in  such  enormous  quantities  that  we 
can  hardly  hope  to  remove  more  than  a  small  portion  of  it.  We  do  not  know 
much  about  the  formation  of  this  acid,  and  there  is  a  limit  to  the  amount  of 
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alkali  we  can  administer;  so  in  spite  of  the  treatment  the  patient  may  enter 
a  state  of  coma.  I  do  not  regard  that  as  a  valid  objection  to  the  theory,  and 
do  regard  the  not  infrequent  success  of  the  alkali  treatment  as  a  very  im- 
portant evidence  of  the  correctness  of  this  view.  At  the  same  time  I  do  not 
feel  wholly  committed  as  to  the  nature  of  the  acid  in  the  blood.  Such  evi- 
dence as  there  is  points  to  ozybntyric  acid  far  more  strongly  than  to  the 
amido  acids. 

I  think  there  is  something  to  be  said  in  regard  to  the  view  just  expressed 
on  the  giving  of  nitrogenous  foods.  It  is  extremely  difficult  to  determine  the 
origin  of  these  acids,  and  experimental  work  has  shown  that  while  such  acids 
may  be  derived  from  the  proteid  we  have  also  to  say  that  a  oonsiderabie 
amount  of  ammonia  comes  from  the  same  source,  especially  from  meat: 
whether  or  not  these  influences  balance  each  other  I  cannot  say.  As  to 
the  origin  of  the  potassium,  I  have  reached  no  conclusion.  Perhaps  Dr. 
Vaughan*s  ^suggestion  is  correct. 

Dr.  Pfaff:  I  would  like  to  make  a  few  remarks  in  regard  to  the  trest- 
ment  of  diabetes.  It  was  suggested  that  too  much  stress  was  laid  upon  the 
treatment  of  diabetes  by  exclusive  proteid  diet.  It  was  said  that  this  was 
wrong,  and  that  should  a  certain  quantity  of  carbohydrates  be  added  to  the 
diabetic  diet,  less  acetone  and  acid  intoxication  leading  to  coma  would  ensue. 
Of  course,  everybody  knows  by  experience  that  there  are  diabetics  who  do  not 
thrive  on  an  exclusive  proteid  diet,  and  who,  under  such  a  regime,  lose  flesh 
constantly.  In  such  cases  it  is  imperative  to  add  carbohydrates  to  the  proteid 
diet.  In  spite  of  an  increased  quantity  of  sugar  appearing  in  the  urine,  some 
of  these  patients  stop  losing  flesh  ;  existing  gastrointestinal  and  nervous  dis- 
turbances may  disappear  promptly,  which  could  not  be  remedied  by  other 
means,  and  the  patient  may  even  increase  in  weight.  But  these  observations 
do  not  change  anything  in  the  fundamental  treatment  of  diabetics— i.  e.j  to 
limit  their  diet  to  exclusive  proteid  food  and  to  add  fat  and  carbohydrates 
to  this  diet  after  the  patient  has  got  rid  of  the  sugar  in  his  urine  under 
exclusive  proteid  diet.  That  under  proteid  diet,  with  complete  exclusion  of 
carbohydrates,  acetone  and  diacetic  acid  may  disappear  from  the  urine  has 
been  demonstrated  to  us  more  than  once  in  the  treatment  of  diabetes.  In 
one  case,  a  boy  of  fourteen  years,  the  diacetic  acid  and  acetone  which  were 
present  under  the  unrestricted  mixed  diet  disappeared  only  after  rigid  treat- 
ment of  proteid  diet  carried  out  strictly  for  a  few  months.  In  this  case  the 
sugar  also  disappeared  rather  slowly,  but  under  strict  diet  the  sugar  disap- 
peared firHt,  and  then  the  acetone  and  diacetic  acid  vanished  completely  from 
the  urine  after  the  diet  was  followed  for  a  few  months,  and  the  patient  gained 
twenty  pounds. 

In  another  case  the  bad  effect  of  carbohydrates  in  the  treatment  of  diabetes 
was  neatly  demonstrated.  A  seamstress,  about  forty  years  old,  suffered  from 
a  very  severe  atteck  of  diabetes.  Even  under  the  strictest  diet  the  urine  con- 
tained about  2  per  cent,  of  sugar,  besides  a  large  quantity  of  acetone  and 
diacetic  acid.  When  the  patient  came  first  under  observation  examination  of 
her  urine  showed   also  a  large  quantity  of  albumin   and   many  hyaline, 
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granular,  and  fatty  casts.  Under  strict  diet  the  sugar  was  decreased,  but 
acetone  and  diacetic  acid  never  disappeared,  even  after  months  of  treatment. 
The  subjective  symptoms  of  the  patient  improved  considerably,  and  she  was 
able  to  resume  her  ordinary  work  for  a  few  months.  Re-examination  of  the 
urine  showed  at  the  time  of  treatment  a  marked  improvement.  Albumin  was 
present  only  in  a  slight  trace,  and  scarcely  any  casts  were  found.  As  soon  as 
the  patient  was  allowed  sixty  grams  of  bread  per  day  the  albumin  increased 
considerably,  and  hyaline,  granular,  and  fatty  casts  reappeared  in  large  num- 
bers. The  quantity  of  sugar  in  the  urine  increased,  of  course,  also.  As  soon 
as  the  bread  was  excluded  from  her  diet  for  a  few  days  or  a  week  the  albu- 
min in  the  urine  nearly  disappeared,  and  the  casts  also.  The  most  probable 
explanation  of  this  observation  was  that  the  small  quantity  of  carbohydrates 
in  the  food  had  increased  the  quantity  of  sugar  present  in  the  urine,  and  had 
so  caused  local  irritation  of  the  kidneys.  In  our  endeavor  to  increase  the 
patient's  diet  we  tried  in  this  case  repeatedly  to  add  the  same  quantity  of 
bread  to  the  strict  diet,  but  always  with  the  same  results.  The  urine  showed 
each  time  the  same  pathologic  changes— increased  albumin  and  presence 
of  a  large  number  of  casts,  and  the  patient  felt  worse  for  it.  That  exclusive 
proteid  diet  is  not  the  cause  of  acetone  and  diacetic  acid,  but  that  other  fac- 
tors may  account  for  their  presence  has  lately  been  demonstrated  by  different 
authors.  They  have  proved  that  an  increased  quantity  of  fat  in  the  diet  in 
the  presence  of  a  comparatively  small  quantity  of  proteids  may  cause  aceto- 
nuria.  It  would  seem,  therefore,  that  under  certain  conditions  we  have  to 
decrease  the  quantity  of  fats  in  the  diet  of  diabetics  to  avoid  complications. 
On  this  point  very  little  stress  has  been  laid  in  the  treatment  of  diabetics. 
It  is  not  impo{>8ible  that  the  large  quantities  of  acetone  found  in  the  urine  of 
diabetics  when  taking  large  quantities  of  fat  may  disappear  when  the  inges- 
tion of  fat  is  reduced.  In  one  observation,  where  the  patient  became  sugar- 
free,  large  quantities  of  acetone  were  present  in  his  urine  under  unrestricted 
proteid-fat  diet,  plus  150  grams  of  bread  per  day.  This  acetone  disappeared 
from  the  urine  slowly  when  the  patient  diminished  the  ingestion  of  fat.  We 
have  made  only  this  one  observation,  and  from  it  it  is  not  permissible  to  draw 
any  conclusions.  Bat  it  would  be  very  important  to  know  if  in  similar  cases 
the  reduction  of  fat  ingestion  is  followed  by  diminished  excretion  of  acetone. 

As  I  remarked  already,  in  this  case  under  observation,  the  acetonuria  was 
only  very  slowly  affected  by  the  change  of  the  diet,  but  finally  the  quantity 
of  acetone  in  the  twenty-tour  hours'  urine  became  normal. 

The  fact  found  by  Drs.  Joslin  and  Uerter,  that  the  quantity  of  potassium 
is  increased  in  the  urine,  is  very  interesting.  Normally,  the  solid  tissues  of 
our  organ  contain  more  potassium  than  the  liquid  tissues — such  as  blood  and 
lymph.  The  increased  quantity  of  potassium  excreted  in  the  urine  may 
possibly  be  explained  by  the  fact  that  the  pathologic  changes  in  diabetes 
are  going  on  mainly  in  our  solid  tissues.  Too  little,  however,  if  anything, 
is  known  of  the  true  causation  of  diabetes,  and  it  would  be  too  hasty  to  draw 
any  conclusion  from  this  interesting  observation  of  an  increased  potassium 
excretion. 


THE  URINE  AS  A  SOIL  FOR  BACTERIAL  GROWTH. 

By  WILLIAM  HALLOCK  PARK,  M.D., 

OF  SEW  YORK  CITY. 


The  exact  tests  of  the  degree  of  acidity  or  alkalinity  present  in  a 
number  of  samples  of  urine  revealed  such  marked  differences  in  the 
amount  of  alkali  or  acid  present  that  it  seemed  to  me  it  would  be 
of  interest  to  determine  how  far  the  reaction  of  the  urine  determined, 
whether  it  was  to  be  a  favorable  or  unfavorable  soil  for  the  growth  of 
the  bacteria  commonly  met  with  in  cystitis,  pyelitis,  or  bacteriuria. 

In  all,  45  samples  of  urine  have  been  tested.  These  specimens 
were  obtained  in  one-third  the  cases  from  healthy  persons.  The 
others  were  from  persons  suffering  from  various  diseases  and  taking 
various  drugs.  For  the  acidity  testa  I  am  indebted  to  Mr.  J.  P. 
Atkinson. 

In  everv  case  the  urine  was  drawn  in  as  clean  a  manner  as  possible 
and  then  immediately  filtered  through  a  Chamberlain  filter  into  test- 
tubes,  each  test-tube  containing  about  3  c.c.  The  reaction  of  the 
urine  was  tested,  also  its  sterility,  and  then  inoculated  with  the  organ- 
isms to  be  tested.  From  fresh  twentv-four-hour  bouillon  cultures  watery 
dilutions  were  made,  and  then  from  each  variety  one  set  of  tubes 
receive<l  from  50  to  500  orcranisms,  the  other  set  from  50,000  to 
500.O00.  When  no  growth  took  place,  in  the  tubes  inoculated  with 
the  larger  number  of  bacteria  from  any  culture,  a  large  loopful  scraped 
from  a  fresh  nutrient  agar  culture  was  added.  All  inoculated  speci- 
mens of  urine  were  left  ninety  hours  at  blood-heat  and  examined 
dailv. 

As  many  of  the  specimens  of  urine  were  practically  duplicates, 
so  far  as  the  tests  were  carried,  although  from  various  persons,  the 
details  of  the  tests  are  given  for  only  11  urines,  which,  when  taken 
together,  give  a  fair  picture  of  the  whole  45. 
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Table  I. — ^The  developmeot  of  five  varieties  of  bacteria  in  the  urine  of 
eleven  different  individuals,  the  specimens  of  urine  being  arranged 
according  to  their  acidity. 
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Notes.  X  The  acidity  in  the  first  column  are  to  phenolpbthalein,  in  tbe  second  to  litmus  ; 
—  indicates  alkalinity,  and  +  acidity  in  number  of  c.c.  of  normal  hydrocbloric  acid  golutlon 
or  normal  sodium  solution  required  per  litre  to  neutralize  tbe  urine. 

**  =  K^rovrtb  when  between  10  and  100  organisms  were  added  to  1  c.c.  of  urine. 
*  =  growth  when  over  10,000  organisms  were  added  to  1  c.c.  of  urine. 

—  indicates  no  growth  under  the  same  conditions. 

A  Study  of  this  table  indicates  that  the  reaction  of  the  urine  had 
much  to  do  with  its  suitability  for  bacterial  growth ;  an  examination 
of  the  whole  45  urines  shows  this  even  more  clearly.  The  reaction 
of  the  urine  influenced  the  different  varieties  of  bacteria  in  very 
different  degrees. 

Gonococeus.  A  number  of  cultures  derived  from  cases  of  acute 
and  chronic  gonorrhea  were  employed,  and  in  no  case  did  any  visible 
growth  occur  in  any  urine  except  with  one  variety,  which  was  derived 
from  a  case  of  chronic  cystitis  with  a  history  of  twenty-years*  dura- 
tion, in  which  for  over  a  year  we  had  obtained  gonococci.  Even  here 
the  growth  was  very  slight.  This  gonococcus  grew  on  ordinary  nutrient 
agar  containing  2  per  cent,  of  peptone. 

The  only  urines  in  which  this  gonococcus  grew  were  neutral  or 
nearly  neutral  to  litmus  and  slightly  acid  to  phenolpbthalein  (No.  3). 
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That  the  gonococcus  rarely  oceara  free  in  urine  is  a  well-known  ftct, 
and  is  apparently  due,  in  part  at  least,  to  its  inability  to  grow  in  it 

The  streptococcus  grew  readily,  as  a  rule,  in  the  slightly  alkaline, 
neutral,  and  very  slightly  acid  urines.  Over  one-half  of  the  urina 
were  too  acid  for  its  growth  (Nos.  6  to  11). 

The  staphylococcus  grew  well  in  the  neutral  and  moderately  acid, 
but  poorly  in  the  more  acid  urines,  and  then  only  when  large  nombers 
of  organisms  were  added  (Nos.  8  to  11). 

The  colon  bacillus  grew  much  as  the  staphylococcus.  The  bacillus 
proteus  vulgaris  did  not  grow  at  all  in  the  most  acid.  The  changes 
in  reaction  produced  by  the  bacteria  were  as  follows :  None  of  the 
varieties  produced  appreciable  acid  except  in  cases  of  diabetes,  where 
acid  was  produced  by  the  colon  bacillus.  This  was  due  to  the  fact 
that,  as  a  rule,  urine  contains  no  appreciable  quantity  of  any  substance 
which  is  capable  of  undergoing  an  acid  fermentation. 

The  production  of  alkali,  mainly  by  the  decomposition  of  the  urea, 
was  very  rapid  and  marked  in  the  case  of  the  bacillus  proteus  vul- 
garis,  so  that  a  moderately  acid  urine  became  in  eighteen  hours  in- 
tensely alkaline.  The  staphylococcus  produced  considerable  alkali, 
but  much  less  than  the  members  of  the  proteus  growth.  The  alkali 
produced  by  the  growth  of  the  colon  bacillus  was  too  slight  in  amount 
to  have  any  appreciable  importance  in  changing  the  reaction  of  the 
urine  in  the  bladder.     The  same  was  true  for  the  streptococcus. 

In  order  to  test  the  effect  of  acid  substances  in  the  urine,  1100  c.c. 
of  neutral  nutrient  bouillon  was  divided  into  11  portions.  In  10  of 
these  portions  the  most  abundant  acid  salt  of  the  urine,  acid  sodium 
phosphate,  was  added  so  as  to  make  variations  in  acidity  covering  all 
met  with  in  urine. 
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Table  IF. — Growth  of  varieties  of  bacteria  common  in  urine  in  bouillon 
containing  amounts  of  acid  sodium  phosphate  ranging  from  the  least 
to  the  greatest  ever  found  in  urine. 
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*  No  visible  growth,  but  gonococcus  remained  alive.  • 

—  +  «°  growth  only  when  a  great  number  of  organisms  are  added. 

Til  is  table  indicates  that  the  acidity  of  the  urine  is  in  itself  fre- 
quently sufficient  to  prevent  a  development  of  either  the  streptococcus 
or  gonococcus  in  the  urine.  For  the  colon  and  pyocyaneus  groups  the 
acidity  due  to  acid  sodium  phosphate  would  appear  to  never  reach  a 
grade  sufficiently  intense  to  prevent  growth,  although  it  might  be 
sufficient  to  inhibit  the  rapidity  of  development. 

Evidently  other  factors  besides  acidity  are  present  to  inhibit  the 
growth  of  bacteria.  Thus  the  reaction  in  sample  2  was  satisfactory, 
and  yet  no  bacteria  would  develop  in  it.  Specimen  8  was  less  acid  to 
phenolphthalein  than  11,  and  yet  the  staphylococcus  and  colon  bacillus 
grew  when  large  quantities  of  the  cultures  were  inoculated  in  11  but 
not  in  8.  As  to  the  nature  of  the  substances  other  than  acid  salts 
which  inhibit  or  prevent  the  growth  of  bacteria,  no  studies  have  as 
yet  been  made  by  us. 

My  thanks  are  due  to  Dr.  Rose  A.  Bebb,  assistant  bacteriologist  in 
the  New  York  University  and  Bellevue  Hospital  Medical  College, 
for  testing  the  bacterial  growth  in  many  of  the  samples. 


NOTES   ON   THE   FEVER   OF  HODGKIN'S   DISEASE; 
RECUHRENT  (RUCKFALL)  FEVER; 
EBSTEIN'S  DISEASE. 


By  J.  H.  MUSSER.  M.D., 

OP  PHILADELPHIA. 


Fever  has  long  been  observed  as  a  symptom  of  Hodgkin's  disease. 
It  had  usually  been  described  as  continuous.  That  other  types  are 
not  uncommon  the  following  notes  will  show.  The  type  upon  which 
we  wish  to  lay  most  stress  is  that  known  as  recurrent  fever,  the  relaps- 
ing type. 

In  1870  Murchison  (Transactions  of  the  Pathological  Society  of 
London^  1870,  vol.  xxi.  p.  372)  described  the  case  of  a  girl  of  six 
years,  who  had  had  scarlet  fever  and  whooping-cough.  Shortly  after 
the  latter  disease  she  developed  fever,  and  from  then  until  her  death, 
ten  months  later,  had  regular  paroxysms,  recurring  every  four  weeks, 
the  maximum  temperature  being  attained  on  the  seventh  day.  During 
these  attacks  the  lymph  glands  in  the  neck  and  axilla  became  enlarged 
and  tender,  and  the  heart  enlarged  slightly.  During  the  intervals  the 
patient  had  a  ravenous  appetite. 

The  family  history  was  entirely  negative.  At  the  autopsy  the 
glands  were  found  enlarged  and  firm,  and  there  were  white  nodules 
in  the  enlarged  spleen,  in  the  liver,  and  in  the  lungs,  and  general 
anemia  of  the  tissues. 

The  niicroscopic  examination  showed  the  characteristic  picture  of 
lymphoma,  and  Murchison  regarded  the  case  as  one  of  pseudo- 
leukemia, similar  in  all  res[)ect8,  save  the  paroxysms  of  fever,  to  one 
he  had  already  reported.  lie  was  unable  to  find  any  similar  case 
recorded  in  the  literature,  but  recollected  one  in  his  own  practice  that 
had  occurred  in  a  girl,  aged  eighteen  years,  whose  spleen  and  lymph 
glands  were  enlarged.  Unfortunately  she  was  under  observation  only 
a  short  time. 
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Nine  years  later  Gowers  (Reynolds'  System  of  Medicine,  vol.  v.  p. 
306  et  seq.,  London,  1879),  in  his  memorable  article,  described  three 
types  of  fever  as  occurring  in  pseudoleukemia — continuous,  alterna- 
ting, and  remittent.  He  reports  no  cases,  but  gives  a  chart  of  a  case 
of  the  second  type,  and  probably  also  had  in  mind  Murchison's  isolated 
case  when  mentioning  this  type.  Except  for  this  brief  notice  the 
symptom  appears  to  have  attracted  no  attention. 

After  another  long  interval  a  second  case  was  reported  by  Pel 
[Berliner  klinische  Wochensehrift^  January  5,  1885,  vol.  xxii..  No. 
1,  p.  3)  in  connection  with  another  of  pseudoleukemia.  The  patient 
was  a  man,  aged  twenty-five  years,  who,  in  June,  1884,  developed 
chills,  fever,  nausea,  pain  in  the  abdomen,  and  malaise.  When  first 
observed  a  few  days  later  he  was  pale,  the  spleen  was  enlarged,  and 
there  were  physical  signs  of  acute  bronchitis.  From  this  time  the 
temperature  showed  the  following  extraordinary  course :  Fever  for 
eleven  days,  apyrexia  for  fifteen  days,  fever  twelve  days,  apyrexia 
fifteen  days,  fever  fifteen  days,  apyrexia  fifteen  days,  fever  thirty-two 
days,  apyrexia  nine  days  ;  fever  and  death  from  heart  failure.  Dur- 
ing the  last  week  there  had  been  jaundice.  No  blood-counts  appar- 
ently were  made,  but  Pel  states  that  the  leukocytes  were  slightly 
increased,  and  that  there  was  progressive  anemia.  At  the  autopsy 
the  liver,  spleen,  and  lymph  glands  were  enlarged ;  there  were  none 
of  the  lesions  of  typhoid  fever,  although  this  disease  had  been  sus- 
pected during  life,  and  he  therefore  made  a  diagnosis  of  pseudo- 
leukemia, and  reports  the  case  as  such. 

Two  and  one-half  years  after  this  Ebstein  {Berliner  klinische 
Wochenschrifty  1887,  vol.  xxiv.  pp.  565  and  837)  reported  a  case 
that  had  been  most  carefully  studied  and  has  been  the  cause  of  giving 
his  name  to  the  disease.  Ebstein  called  it  a  case  of  recurrent  (Riick- 
fall)  fever ;  or,  as  Osier  puts  it,  ''  by  the  remarkable  title  of  chronic 
recurrent  fever,  a  new,  infectious  disease."  The  symptom  attained 
the  dignity  of  a  disease. 

The  patient,  a  male,  aged  nineteen  years,  had  had  diphtheria  and 
dysentery  in  childhood.  In  June,  1886,  he  first  noticed  malaise, 
headache,  and  loss  of  appetite,  and  pain  of  an  intermittent  character 
in  the  right  side  of  the  abdomen.  In  September  of  the  same  year  the 
temperature  records  began.  In  two  hundred  and  eleven  days  there 
were  nine  paroxysms  of  fever  of  an  average  duration  of  thirteen  to 
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fourteen  days,  with  afebrile  intervals  of  ten  to  eleven  days,  making 
the  intervals  between  the  highest  temperatures  about  twenty-four  days. 
The  maximum  temperature  was  40°  to  41°,  or  a  little  more.  The 
minimum  temperature,  35.6°  to  36°.  During  the  attacks  the  tem- 
perature rose  slowly,  and  sank  rather  suddenly.  Often  the  defer- 
vescence was  accompanied  by  sweating.  At  one  time  there  was  an 
attack  of  acute  pleurisy,  with  exudation.  The  pulse  and  respiration 
varied  with  the  temperature;  the  mind  remained  clear;  the  appetite 
was  lost  during  the  paroxysms,  but  became  ravenous  during  the  in- 
tervals. The  feces  and  urine  were  normal,  though  the  urea  was 
slightly  increased  during  the  paroxysms.  The  spleen  was  enlarged, 
and  became  even  larger  during  the  febrile  periods,  but  the  lymph 
glands  were  not  enlarged.  Treatment  had  not  the  least  effect.  After 
the  tenth  paroxysm  the  temperature  remained  elevated  for  twenty-two 
days,  then  fell,  but  rose  almost  immediately,  and  the  patient  died  five 
days  later  in  collapse.  In  the  last  days  there  had  been  dyspnea, 
pleural  effusion,  anasarca,  and  a  gangrenous  bed-sore  over  the  left 
trochanter.  At  the  autopsy  white  nodules  were  found  in  the  pleura; 
the  bronchial  and  mediastinal  lymph  glands  were  enlarged,  but  not 
softened,  and  there  were  nodules  in  the  spleen,  liver,  and  kidneys. 

He  regards  the  case  as  one  of  hard,  malignant  lymphoma,  but  is 
not  willing  to  include  it  among  the  pseudoleukemias,  unless  a  sharp 
distinction  be  drawn  between  the  febrile  and  afebrile  forms. 

While  the  observations  upon  this  case  were  being  completed,  Pel 
{Berliner  klinische  Wochenschrift,  vol.  xxvi.,  No.  35,  p.  644)  had 
reported  two  additional  cases  which  had  already  been  published  in  a 
Dutch  journal. 

The  first  was  a  sea  officer,  thirty- two  years  of  age,  who  had  spent 
a  considerable  amount  of  time  in  the  Dutch  East  Indies,  where  he  had 
frequent  attacks  of  malaria,  inflammation  of  the  liver,  and  dysentery. 
Upon  his  return  to  Europe  he  felt  ill,  and  took  several  cures.  These 
were  not  thoroughly  successful.  From  March,  1884,  he  began  to 
notice  slight  attacks  of  fever.  He  was  under  observation  from  May 
of  the  same  year.  From  this  time  he  had  regular  attacks  of  fever, 
lasting  ten  or  twelve  days,  alternating  with  periods  in  which  the  tem- 
perature was  normal  or  subnormal.  There  was  progressive  anemia 
and  cachexia.  Death  occurred  on  January  12,  1885.  A  short  time 
before  the  patient  had  developed  hematogenesis  icterus,  had  had  per- 
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sistent  singultus^  and  died  apparently  as  a  result  of  cholemia.  At  the 
autopsy  the  spleen  and  liver  were  found  to  be  greatly  enlarged,  and 
there  was  also  considerable  hard  enlargement  of  the  mesenteric  lymph 
glands.     Microscopically  the  changes  found  were  focal  hepatitis. 

The  second  case  was  also  a  man,  forty-one  years  of  age,  who  had 
been  a  sailor,  and  had  been  in  the  East  Indies,  where  he  had  con- 
tracted yellow  fever.  He  had  never  had  malaria  or  dysentery,  and 
his  family  history  was  entirely  negative.  The  attacks  of  fever  com- 
menced in  October,  1883.  The  febrile  periods  lasted  about  fourteen 
days,  and  the  afebrile  periods  from  fourteen  to  twenty-one  days.  The 
spleen,  liver,  and  lymph  glands  were  enlarged;  there  was  progressive 
anemia;  the  skin  was  grayish-yellow,  but  there  was  no  jaundice  until 
just  before  death.  When  the  blood  was  examined  the  red  blood-cells 
were  normal,  and  there  was  no  leukocytosis.  At  the  autopsy  the 
lymph  glands  were  enlarged  and  hard,  and  there  were  grayish-yellow 
nodules  in  the  liver,  spleen,  and  kidneys.  It  was  particularly  men- 
tioned that  not  a  trace  of  tuberculosis  was  found  in  the  lungs. 

With  the  publication  of  these  cases  and  the  completion  of  Ebstein's 
paper  the  early  history  of  this  symptom-complex  may  be  regarded  as 
<;omplete.  The  clinical  course  is  so  characteristic  that  it  was  given  a 
place  almost  at  once  as  a  clearly  defined  process.  Since  then  addi- 
tional cases  have  been  recorded,  but  practically  nothing  has  been 
added  to  our  knowledge.  The  cases  which  we  have  been  able  to 
•collect  from  the  literature,  which  appear  to  be  all,  are  as  follows : 

Hanser  {Berliner  klinische  Wochenschrift,  August  5,  1889,  vol. 
xxvi..  No.  31,  p.  692).  The  patient  was  a  male,  without  any  im- 
portant features  in  the  family  or  previous  history.  On  December  2, 
1882,  he  was  taken  sick  with  pain  in  the  abdomen.  When  examined 
a  tumor-like  formation  was  found  in  the  abdominal  cavity,  which  was 
somewhat  tender,  and  there  was  dilatation  of  the  left  ventricle  of  the 
heart.  He  had  attacks  of  fever  lasting  from  ten  to  twelve  days ;  the 
temperature  would  rise  slowly  to  about  40°.  Usually  there  was  some 
sweating  in  the  beginning  of  the  attack,  and  during  it  the  pulse  in- 
creased in  frequency,  the  dilatation  of  the  left  ventricle  became  more 
pronounced,  and  there  was  moderate  loss  of  weight.  The  intervals 
averaged  about  ten  days  in  duration,  although  occasionally,  especially 
toward  the  end,  when  the  fever  was  moderately  irregular,  they  only 
lasted  one  day.     The  blood  was  normal  throughout  the  entire  course 
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of  the  case.  Four  weeks  before  death  the  patient  developed  anasarca. 
Death  occurred  as  the  result  of  exhaustion.  An  autopsy  could  not 
be  obtained. 

Volckers  {Berliner  klinische  Wochenschrift^  September  9,  1899, 
vol.  xxvi.,  No.  36,  p.  796).  The  patient  was  a  man,  thirty  years  of 
age,  who  had  had  syphilitic  infection.  In  October,  1884,  he  had 
some  gastric  disturbance,  with  pain  located  just  to  the  left  of  the 
umbilicus,  and  there  was  slight  fever.  He  was  given  sodium  iodid, 
and  improved,  but,  after  severe  physical  exertion,  he  had  a  renewed 
attack  of  fever,  and  a  tumor  was  recognized,  situated  to  the  left  of  the 
spinal  column  and  extending  from  the  umbilicus  into  the  pelvic 
cavity.  From  this  time  he  had  the  characteristic  febrile  movement. 
The  periods  of  pyrexia  lasted  fourteen  days ;  the  periods  of  apyrexia 
from  seven  to  eight  days.  The  temperature  rose  and  fell  slowly, 
and  during  the  intervals  was  not  subnormal.  During  the  febrile 
attacks  the  patient  had  loss  of  appetite  and  gastric  disturbances, 
characterized  by  nausea  and  occasional  vomiting.  Toward  the  end 
of  the  attack  the  fever  became  quite  irregular,  but  even  then  showed 
a  tendency  to  the  recurrent  type.  At  the  autopsy  a  tumor  was  found 
attached  to  the  periosteum  of  the  lumbar  vertebras,  and  the  retro- 
peritoneal lymph  glands  were  enlarged.  The  tumor  was  diagnosed 
as  a  fusocellular  sarcoma,  with  peculiar  areas  of  degeneration.  Bands 
of  connective  tissue  passed  through  it  in  various  directions.  The 
bloodvessels  were  distinctly  sclerotic.  The  tumor  was  composed  of 
two  types  of  cells,  the  epithelium  and  lymphocytes.  Volckers  regards 
it  as  of  an  infectious  type. 

Although  there  is  little  doubt  that  this  case  belongs  to  the  group 
of  cases  we  are  describing,  there  seems  to  be  more  doubt  ii*  regard  to 
the  case  of  Hammer  (Virchow's  Archiv,  1894,  vol.  cxxxvii.  p.  280). 
The  patient  was  a  man,  forty-one  years  of  age,  a  miller  by  occupa- 
tion, who  had  had  an  attack  of  pericarditis  at  the  age  of  thirty-six 
years.  He  had  also  suffered  from  time  to  time  with  articular  rheu- 
matism and  pains  in  the  lumbar  region.  On  February  6,  1891,  he 
had  a  sudden  attack  of  headache,  with  pain  and  tenderness  in  the 
chest.  For  nine  months  he  had  recurrent  fever,  somewhat  irregular, 
the  periods  of  pyrexia  lasting  from  one  to  six  days  and  the  periods  of 
apyrexia  from  one  to  twelve  days.  In  the  early  part  of  the  disease 
he  had  an  attack  of  acute  pleurisy,  which  did  not  recur.     Shortly 
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after  the  first  symptoms  pains  developed  in  the  knees  and  rapidly 
involved  the  whole  bony  system,  especially  the  spine.  There  was  some 
edema  over  the  spinal  column.  The  blood  showed  at  first  a  moder- 
ate poikilocytosis ;  later  there  was  a  slight  leukocytosis,  and  there  was 
progressive  anemia.  Death  occurred  on  November  27,  1892,  nine- 
teen months  after  the  appearance  of  the  first  symptoms.  At  the 
autopsy  the  bones  were  found  hardened  throughout  the  body.  There 
were  numerous  small  nodules  on  the  serous  membrane,  and  the  lymph 
glands  were  enlarged.  Microscopically  the  bone  tumors  presented  the 
picture  of  multiple  myeloma.  The  tumors  of  the  serous  membranes 
and  of  the  glands  were  composed  of  round  cells. 

A  typical  case,  clinically,  is  the  one  which  was  reported  by 
Askanazy  {Zeigler's  Beitrdge,  1888,  vol.  iii.  p.  413).  The  patient, 
a  woman,  thirty- two  years  of  age,  both  of  whose  parents  were  healthy, 
and  who  had  herself  been  healthy  in  childhood,  was  attacked  with  a 
severe  cough,  thirst,  and  fever.  There  was  a  slight  greenish-white, 
tenacious  expectoration ;  there  was  also  some  gastric  disturbance, 
with  nausea  and  vomiting.  There  was  pain  in  the  right  side  of  the 
abdomen  and  moderate  psoriasis  of  the  body.  The  nutrition  was 
poor,  and  a  tumor  could  be  detected  in  the  right  supraclavicular 
fossa,  which  was  soft  and  not  painful.  The  heart  was  normal.  The 
patient  was  under  observation  nineteen  days.  During  this  time  there 
was  for  four  days  a  temperature  normal  in  the  morning  and  slightly 
elevated  in  the  evening ;  then  for  three  days  a  temperature  elevated 
morning  and  evening;  then  for  two  days  a  temperature  normal  in  the 
morning  and  considerably  elevated  in  the  evening,  and  for  the  last 
nine  days  persistent  pyrexia,  with  temperature  usually  exceeding  39*^. 
There  was  frequent  diarrhea,  the  sputum  did  not  contain  tubercle 
bacilli,  and  the  urine  was  normal.  The  patient  died  of  exhaustion 
and  edema  of  the  lungs.  At  the  autopsy  the  thoracic  glands  were 
found  greatly  enlarged  ;  the  lymph  glands  at  the  hilum  of  the  spleen 
were  also  increased  in  size;  the  lungs  were  normal.  Microscopic 
examination  of  the  glands  showed  the  characteristic  changes  of  tuber- 
culosis, and  tubercle  bacilli  were  found  in  great  numbers. 

The  author  believes  that  possibly  the  case  of  Ebstein  was  also  one 
of  tuberculosis,  although  tubercle  bacilli  were  not  found,  and  thinks 
it  not  unlikely  that  Pel's  case  was  of  similar  nature.  He  concludes 
that  there  are  cases  that  give  the  clinical  picture  of  pseudoleukemia. 
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and  yet,  as  a  matter  of  fact,  are  due  to  tuberculosis  of  the  Ivmph 
glands. 

Renvers  {Deutsche  medicinisehe  Wochenschrift^  September  13, 1888, 
p.  753)  reports  the  case  of  a  man,  aged  twenty-one  years,  who  in 
childhood  had  had  smallpox,  but  was  otherwise  healthy.  In  1887 
he  suffered  from  time  to  time  with  colic-like  pains  in  the  abdomen. 
When  admitted  to  the  hospital,  on  October  20th  of  that  year,  it  was 
found  that  the  spleen  and  liver  were  enlarged  and  somewhat  tender. 
While  in  the  hospital  he  had  repeated  attacks  of  fever,  lasting  from 
eight  to  eleven  days,  in  which  the  temperature  usually  exceeded  40*^. 
This  alternated  with  attacks  in  which  the  temperature  was  normal  or 
slightly  below,  lasting  from  eight  to  fourteen  days.  During  these 
attacks  the  spleen  and  liver  increased  distinctly  in  size ;  the  retro- 
peritoneal lymph  glands  gradually  enlarged  during  each  attack,  until 
they  formed  a  tumor-like  mass  to  the  left  of  the  umbilicus.  There 
was  no  leukocytosis,  but  a  progressive  anemia  and  cachexia.  The 
appetite  was  lost  during  the  febrile  periods,  but  the  patient  ate  raven- 
ously during  the  intervals.  The  diazo  reaction  was  constant  throughout 
the  disease.  An  autopsy  was  secured,  and  the  changes  characteristic 
of  lymphosarcomatosis  were  discovered.  Renvers  regards  the  case  as 
a  form  of  infectious  pseudoleukemia. 

Seebohn  {Jahrbiich.  der  Hamburgischen  Staats-krankenanMalten^ 
Leipsic,  1892,  p.  65)  reports  an  extremely  doubtful  case.  A  woman, 
eighteen  years  of  age,  who  had  frequently  suffered  from  anemia,  in  June, 
1889,  had  severe  pain  in  the  left  thorax,  extending  to  the  left  shoulder. 
This  disappeared  for  a  year,  and  then  recurred  in  the  same  situation. 
On  July  5,  1890,  she  had  chills  and  fever,  followed  by  headache. 
When  examined,  signs  of  tumor  just  behind  the  left  side  of  the 
sternum  were  discovered.  This  tumor  was  tender  on  pressure.  The 
thyroid  glands  were  much  enlarged.  The  fever  continued  until  July 
16th;  there  was  then  an  intermission  for  three  days,  when  the  tem- 
perature rose  again,  and  the  patient  died.  At  the  autopsy  a  lympho- 
sarcoma of  the  thymus  was  found,  involving  the  neighboring  lymph 
^'lands. 

Kisset  (Vratchy  1894)  points  out  the  frequent  occurrence  in 
cliildren  of  the  above-mentioned  type  of  fever. 

Osier  refers  to  it  in  his  text-book,  and  states  that  he  has  seen  three 
cases. 
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Quite  recently  the  symptom  was  more  firmly  established  as  a  disease, 
Pinkus  being  the  godfather.  He  terms  the  ailment  "Chronic  Relapsing 
or  Recurrent  Fever  "  (Ebstein).     Briefly  his  paper  is  as  follows  : 

Pathologic  Anatomy,  There  is  present  a  malignant  growth  in 
some  lymphatic  organ  (glands,  spleen,  or  bone-marrow).  Hammer 
says  sarcoma.  Often  a  lymphosarcoma  or  a  sarcoma-like  round-celled 
tumor  is  found. 

Clinical  Relations,  The  disease  has  the  symptoms  and  signs  of 
a  pseudoleukemia  with  intermittent  fever.  A  period  of  one  to  three 
weeks  of  fever  alternates  with  an  apyretic  period  of  the  same  length. 
It  must  be  differentiated  from  similar  cases  of  malaria,  which  are  also 
cured  by  arsenic,  and  not  affected  by  quinine.  A  peculiar  tubercular 
lymphoma  may  give  the  same  clinical  picture,  while  the  tumors  may 
be  of  spindle  and  epithelioid  cells  (Schottelens  in  Volcker's  case). 
The  pathologic  anatomy  and  the  blood  histology  have  not  been  suflS- 
ciently  worked  out  to  decide  definitely  in  regard  to  the  nosology  of 
this  disease. 

In  1898  Sternberg  (Archivfur  ITeilkundey  vol.  xix.  p.  21)  reported 
fifteen  cases  that  had  been  diagnosed  as  pseudoleukemia,  and  in  which 
he  had  been  able  to  make  a  careful  histologic  examination  of  the  tis- 
sues. The  clinical  histories  are  entirely  inadequate,  and  it  is  impos- 
sible to  state  how  many  of  them  belonged  to  the  category  of  Ebstein's 
disease.  In  the  eighth  case,  however,  it  is  stated  that  the  clinical 
diagnosis  was  pseudoleukemia,  with  recurrent  fever.  In  this  case  the 
histologic  examination  showed  the  presence  of  miliary  tuberculosis, 
involving  especially  the  liver  and  kidneys.  In  the  lungs  there  was 
the  typical  picture  of  cheesy  pneumonia,  with  miliary  tuberculosis  in 
the  lymph  glands,  and  numerous  large  cells.  Many  of  them  had  un- 
dergone extensive  cheesy  degeneration.  Nearly  all  of  the  other  cases 
showed  extensive  tuberculous  changes,  and  Sternberg  expressed  the 
opinion  that  in  the  majority  of  cases  pseudoleukemia  is  really  a 
tuberculosis  of  the  blood-forming  apparatus.  He  thinks  that  in  all 
likelihood  this  is  especially  true  of  the  cases  with  recurrent  fever. 

In  cases  of  pseudoleukemia  without  tuberculosis  the  hyperplasia 
and  peculiar  structure  of  the  lymph  glands  leads  him  to  believe  that 
it  is  not  impossible  that  we  have  really  a  form  of  multiple  sarcoma. 
He  thinks,  however,  that  there  is  a  peculiar  form  of  tuberculosis  of 
the  lymphatic  apparatus  which  is  essentially  characterized  by  the  fact 
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that  a  more  or  less  peculiar  form  of  granulated  tissue  is  produced  in 
these  structures  that  is  apparently  characterized  by  its  great  rigid- 
ness  in  their  large  structures.  Sometimes  there  will  be  in  the  course 
of  the  disease  a  typical  tuberculous  granular  tissue,  and  he  urges  par- 
ticularly against  the  diagnosis  of  pseudoleukemia  before  a  careful 
histologic  examination  of  the  tissue  and  before  the  inoculation  of 
animals  has  been  performed. 

Ehrlich  and  Lazarus  have  recently  discussed  the  literature  of  this 
subject  in  their  article  on  anemia  in  Nothnagel's  System.  They 
regard  it  as  a  peculiar  form  of  pseudoleukemia  characterized  by  the 
recurrent  type  of  fever.  It  is  often  associated  with  splenic  tumor, 
and  occasionally  lymphomata  appear  that  resemble  ronnd-celled  sar- 
coma ;  in  fact,  the  anatomic  picture  resembles  that  of  lymphosarcoma 
or  Hodgkin's  disease. 

Among  the  etiologic  factors  malaria  should  be  reckoned ;  at  least 
it  sometimes  produces  a  clinical  picture  that  is  identical,  with  tne 
exception  that  the  patient  recovers  upon  arsenic. 

The  authors  regard  the  occurrence  of  tuberculosis,  which  has  caused 
Sternberg  to  express  the  idea  that  pseudoleukemia  is  merely  a  form 
of  tuberculous  lymphoma,  as  usually  accidental.  They  are  not  cer- 
tain that  it  is  justifiable  to  regard  cases  of  pseudoleukemia  with  recur- 
rent fever  as  a  peculiar  form  of  disease,  but  prefer  to  await  further 
investigations. 

Kost  (Jahrbucher  der  Hamburgischen  Staats-krankena^istalten, 
1889,  No.  1,  p.  174)  reports  three  interesting  cases.  The  first,  a 
boy,  aged  seven  years,  was  admitted  to  the  hospital  on  March  31, 
1889,  with  a  history  of  having  had  an  acute  sickness  for  fourteen 
days,  during  which  time  he  had  had  headache,  felt  weak,  and  lost  his 
appetite.  There  was  slight  diarrhea  and  apparently  fever.  The 
patient  was  pale;  poorly  nourished.  There  were  physical  signs  of 
bronchitis  of  the  left  lower  lobe ;  the  spleen  was  enlarged  and  pal- 
pable; the  cervical  lymph  glands  were  considerably  enlarged.  A 
diagnosis  was  made  of  typhoid  fever ;  the  temperature  was  39°.  On 
June  2d  temperature  was  normal.  Seven  days  later  the  spleen  was 
smaller,  patient  had  increased  in  weight ;  appetite  was  ravenous.  On 
June  14th  there  was  slight  elevation  of  temperature,  which  increased 
and  persisted  until  the  20th,  when  it  fell  suddenly.  During  this 
afebrile  period  the  patient  did  not  improve  as  much.     On  July  1st 
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there  was  again  gradual  rise  of  temperature ;  spleen  enlarged ;  the 
other  symptoms  were  the  same.  On  July  8th  the  temperature  fell 
suddenly.  This  continued,  the  attacks  of  fever  lasting  from  seven  to 
twenty-four  days  (the  last),  the  intervals  from  three  (the  last)  to  seven- 
teen days.  The  patient  died  in  the  ninth  attack,  which  lasted  one 
day.  The  condition  was  characterized  by  the  rapid  progressive  anemia, 
the  slight  edema  of  the  extremities,  the  enlargement  of  the  spleen  and 
lymph  glands  during  the  febrile  attacks.  Toward  the  end  there  was 
distinct  ascites.  The  blood  showed  toward  the  end  a  marked  leuko- 
cytosis (100,000),  which  rapidly  increased  until  there  were  2,700,000 
and  3,200,000  whites.  The  hemoglobin  was  greatly  reduced.  At 
the  autopsy  the  spleen  and  lymph  glands  were  enlarged.  There  were 
numerous,  in  part  confluent,  nodules  surrounding  the  bloodvessels, 
and  there  were  numerous  scars  in  the  kidneys.  Nodules  similar  to 
those  in  the  spleen  were  found  in  the  liver.  The  bacteriologic  inves- 
tigation consisted  in  various  cultures  on  various  media,  and  the  im- 
plantation of  fragments  of  tissue  in  the  anterior  chamber  of  a  rabbit's 
eye  and  in  the  peritoneal  cavity  of  guinea-pigs  gave  no  results.  The 
histologic  examination  of  the  tissues  showed  that  the  tumors  were 
really  small  sarcomatous  masses,  and  in  all  probability  were  meta- 
static ;  they  did  not  resemble  leukemic  infiltration. 

The  second  case  (a  man,  aged  thirty-five  years)  was  without  previous 
history,  family  or  otherwise.  He  had  noted  in  the  summer  of  1889 
that  the  left  foot  enlarged  on  long  standing.  The  previous  winter  he 
had  noticed  enlargement  of  the  inguinal  glands  on  both  sides.  In  the 
course  of  time  these  gradually  enlarged,  and  he  had  an  attack  of 
erythema  in  the  right  thigh,  and  fever,  lasting  three  days.  He  con- 
tinued to  vary  from  good  to  worse  for  some  time.  Enlargement  occurred 
in  the  cervical  glands,  and  in  April,  1890,  he  had  another  attack  of 
fever,  lasting  five  days.  When  brought  to  the  hospital  the  tempera- 
ture was  slightly  above  normal,  the  axillary  and  inguinal  glands  were 
enlarged,  and  there  was  a  tumor  about  the  size  of  a  fist  in  the  epi- 
gastrium. On  May  22d  he  had  an  elevation  of  temperature  to  40°. 
There  was  erythema  in  the  right  thigh.  On  the  25th  the  temperature 
fell  to  normal,  rising  again  on  the  30th,  and  became  normal  on  June 
2d.  On  June  18th  a  tumor  appeared  on  the  right  side  of  the  inferior 
maxilla.  This  diminished  somewhat  in  size,  and  on  the  22d  a  tumor 
appeared  in  the  fourth  intercostal  space,  and  upon  the  back  at  the 
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level  of  the  first  dorsal  spine.  There  was  neither  peptone,  propep- 
tone,  nor  acetone  in  the  urine.     The  patient  is  still  under  observation. 

Finally,  the  case  of  a  boy,  sixteen  years  of  age,  who  had  always 
been  w^eakly.  He  had  noticed  a  swelling  in  the  region  of  the  right 
hip  in  1883-84.  When  admitted,  February  28,  1894,  the  tempera- 
ture was  slightly  elevated,  the  right  hip  was  diffusely  swollen,  and 
there  was  some  limitation  of  movement.  The  patient  had  a  remittent 
fever,  which  after  an  operation  still  persisted,  was  associated  with 
enfeeblement  of  power,  and  finally  death.  The  tumor  of  the  hip  was 
a  sarcoma,  and  there  was  sarcomatous  infiltration  of  the  neighboring 
lymph  glands.  The  author  also  reports  five  cases  of  carcinoma  of  the 
stomach,  in  all  of  which  fever  had  been  a  prominent  symptom.  He 
concludes  as  follows:  Malignant  tumors,  sarcomas  or  carcinomas, 
may  cause  considerable  elevation  of  temperature.  This  is,  however, 
the  exception.  The  type  of  fever  may  be  remittent,  intermittent,  or 
recurrent.  The  cause  of  the  fever  may  be  the  absorption  of  septic 
material  as  the  result  of  the  breaking  down  of  the  tumor.  Other 
hypotheses  are  the  peculiar  type  of  the  temperature  regulating  ap- 
paratus of  the  individual,  the  intermittent  type  of  the  invasion  of  the 
metastases,  the  localization  of  the  tumor  in  the  organs  concerned  in 
the  formation  of  blood. 

A  very  similar  case  has  recently  been  reported  by  Witthower 
{Mihichener  mediciniache  Wochenschrifty  February  5,  1901,  p.  224). 
The  patient,  a  woman,  twenty- four  years  of  age,  had  been  admitted  to 
the  hospital,  supposed  to  be  suffering  from  influenza.  She  was  well- 
nourished,  and  apparently  had  no  disease.  The  physical  examination 
disclosed  the  presence  of  a  pleural  exudate  on  the  left  side.  There 
was  moderate  fever,  which  continued  until  this  was  aspirated,  eight 
days  later.  On  April  22d  the  fever  recommenced,  and  continued 
until  May  11th,  when  a  second  aspiration  was  practised.  For  five 
months  after  this  the  patient  suffered  from  periodical  attacks  of  fever, 
lasting  three  days,  separated  by  intervals  in  which  the  temperature 
was  normal  or  slightly  below,  lasting  three  or  four  days.  This  fever 
was  absolutely  rebellious  to  treatment.  Malarial  parasites  were  not 
found,  and  tubercle  bacilli  were  absent  in  the  sputum.  In  the  last  six 
weeks  of  life  the  patient  became  slightly  cyanotic,  and  there  was 
visible  pulsation  of  the  cervical  vessels.  The  patient  developed  symp- 
toms of  stenosis  of  the  bronchi,  there  was  paralysis  of  both  vocal  cords, 
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and  she  died  on  October  7th  of  exhaustion.  At  the  autopsy  a  round- 
celled  sarcoma  was  found  in  the  posterior  mediastinum,  which  had  in- 
vaded the  auricles  of  the  heart  and  the  right  lung.  There  were 
multiple  abscesses  on  the  right  lower  lobe,  and  passive  congestion  of 
all  the  organs.  Witthower  believes  that  this  extraordinary  tempera- 
ture was  due  to  the  introduction,  at  regular  intervals,  of  the  products 
of  disintegration,  the  toxins  or  similar  material  into  the  circulatory 
organs. 

We  have  had  the  opportunity  of  studying  two  cases  which  are 
worthy  of  consideration.  Neither  of  the  cases  came  to  autopsy.  The 
first  case  was  one  of  Hodgkin's  disease  with  undoubted  tuberculosis, 
although  tubercle  bacilli  were  not  found  in  the  discharges.  The 
second  case  was  also  one  of  so-called  Ilodgkin's  disease,  in  which  the 
clinical  course  was  that  of  tuberculosis,  such  diagnosis  made  positive 
by  the  finding  of  tubercle  bacilli  in  the  sputum. 

Case  I. — This  case  was  observed  in  1891  and  1892.  The  patient,  a  boy, 
aged  sixteen  years,  was  admitted  to  the  hospital  on  November  13,  1891,  with 
the  following  history :  He  had  been  sick  for  five  or  six  months  with  a  condi- 
tion diagnosed  by  the  attending  physician  as  malaria.  During  this  time  he 
had  been  unable  to  work,  and  had  had  occasional  chills,  irregular  pains,  and 
loss  of  strength  and  appetite.  Previous  to  this  he  had  had  no  sickness.  On 
November  27th  he  felt  much  worse  than  usual,  was  feverish,  and  had  a  pro- 
fuse hemorrhage  from  the  nose.  From  this  time  the  fever  continued  and  he 
felt  very  weak.  Upon  admission  the  temperature  was  105°;  pulse  120,  full, 
regular,  and  compressible,  and  respiration  27.  There  was  slight  hebetude, 
some  gurgling  and  tenderness  in  the  right  iliac  fossa;  the  spleen  was  en- 
larged, but  the  abdomen  was  not  distended.  The  heart-sounds  were  clear, 
the  lungs  normal,  and  the  post-cervical  glands  on  the  left  side  were  pal- 
pable. From  the  time  of  admission  the  temperature  steadily  and  slowly  de- 
clined, and  on  the  morning  of  December  3d  was  normal.  The  following 
night  it  reached  96°;  the  pulse  had  dropped  to  64,  with  good  volume.  From 
this  time  the  temperature  continued  subnormal  until  December  12th.  The 
appetite  improved,  he  slept  well,  and  felt  much  brighter.  There  was  some 
constipation.  On  the  12th  the  temperature  began  to  rise,  and  in  twenty-four 
hours  reached  104°.  The  axillary  and  cervical  glands  became  considerably 
enlarged ;  the  pulse  was  full  and  soft,  and  reached  95.  The  stomach  became 
irritable,  and  the  patient  vomited,  particularly  after  the  administration  of 
quinine.  The  appetite  was  lost,  but  the  patient  did  not  complain,  and  pre- 
sented absolutely  no  symptoms  to  account  for  the  rise^of  temperature,  which 
ranged  from  103°  to  105°,  while  the  pusle  was  110  to  120;  the  respirations 
varied  from  24  to  30.  The  patient  had  no  cough,  did  not  complain  of  pain, 
and  the  lungs  were  clear;  there  was  slight  yellowing  of  the  skin,  and  very 
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pronounced  emaciation.  On  December  21  at  the  temperature  steadily  de- 
clined, and  reached  normal  at  3  p.m.  It  then  became  subnormal,  and 
remained  so  until  January  Ist.  From  this  time  the  swollen  glands  in  the 
neck  and  axilla  diminished  in  size.  The  urine  contained  some  bile  and  a 
distinct  trace  of  albumin,  but  there  were  no  casts.  On  January  2d  the  tem- 
perature began  to  rise  gradually,  and  on  the  4th  had  exceeded  103°.  The 
lymphatic  glands  at  the  angle  of  the  jaw  and  the  post-cervical  glands  en- 
larged rapidly  during  this  attack,  and  the  glands  in  the  groins  and  in  other 
parts  of  the  body  became  palpable.  The  tongue  was  coated ;  the  appetite 
remained  fairly  good ;  the  patient  complained  of  no  pain,  and  slept  well. 
There  was  a  soft  murmur,  systolic  in  time,  at  the  base  of  the  heart.  On 
January  6th  the  stomach  again  became  irritable,  the  patient  vomited  several 
times  a  day,  and  was  constipated.  Slight  icterus  reappeared  on  this  day. 
On  January  9th  the  temperature  again  commenced  to  decline,  and  reached 
normal  in  twenty- four  hours.  It  then  became  subnormal  and  continued  from 
94°  to  97°  until  the  14th,  when  it  rose  to  97°.  During  this  period  the  pulse 
dropped  to  70,  appetite  became  ravenous,  and  the  patient  rapidly  gained  in 
weight ;  the  jaundice  cleared  slowly,  the  glands  in  the  neck  decreased  con- 
siderably in  size,  and  the  patient  seemed  in  every  way  improved.  As  a  rise 
of  temperature  was  expected,  he  was  given  quinia  bisulphate,  5  grains 
.  every  three  hours,  on  January  19th.  In  spite  of  this,  the  temperature  again 
rose  and  reached  104°;  it  then  dropped  again  below  normal.  On  February 
1st  the  patient  passed  into  the  hands  of  another  service.  The  temperature 
was  noted  as  elevated  on  the  12th.  It  was  evidently  of  short  duration,  as  it 
was  stated  that  it  was  easily  controlled,  and  the  patient  was  discharged,  im- 
proved, on  the  19th  of  that  month.  He  was  readmitted  almost  immediately 
in  a  state  of  collapse,  with  weak,  rapid  pulse,  subnormal  temperature,  and 
enlarged  and  tender  spleen.  On  March  4th  the  temperature  rose  to  102*,  and 
subsequently  reached  106°  On  the  1 1th  it  was  102.4° ;  the  patient  was  ex- 
ceedingly weak  and  the  pulse  thready.  On  the  18th  the  temperature  was 
again  subnormal,  and  the  patient  seemed  stronger.  It  remained  down  for 
fourteen  days,  and  then  suddenly  rose  to  104°  on  March  25th.  On  April  1st 
the  patient  had  a  severe  attack  of  epistaxis,  and  on  the  8th  it  was  noted 
that  the  temperature  was  subnormal  and  the  patient  very  weak.  He  was 
discharged  from  the  hospital  on  April  9th. 

After  leaving  the  hospital  we  learned  the  patient  lived  just  one  month, 
dying  on  May  9,  1892.  During  this  month  he  grew  rapidly  weaker,  and  the 
lower  part  of  the  body  was  said  to  be  paralyzed.  There  did  not  seem  to  be 
any  fever,  although  the  temperature  was  not  taken.  The  patient  became 
extremely  jaundiced,  but  had  no  vomiting,  nose-bleed,  or  edema.  On  the 
day  of  his  death  he  complained  of  severe  pains  in  the  knees  and  feet.  His 
appetite  had  been  failing,  and,  although  he  was  depressed,  his  mind  was  clear. 
No  autopsy  was  performed. 

During  the  course  of  the  case  the  diagnosis  was  exceedingly  uncertain.  At 
first  it  was  supposed  to  be  typhoid  fever,  as  was  Pel's  first  case.     Of  course. 
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the  Widal  reaction  was  not  known  at  that  time.  It  was  then  diagnosed 
as  malaria.  Investigation  was  made  for  the  plasmodia  of  malaria,  hut  they 
were  not  foand.  The  hlood  was  frequently  examined  for  the  spirilla  of 
relapsing  fever,  hut  the  resulto  were  always  negative.  Counts  were  made 
with  the  red  blood  pipet,  which  showed  reduction  of  the  red  blood-cor- 
puscles, and  no  obvious  leukocytosis.  Quinine  was  used  very  freely  at 
various  times,  but  often  seemed  to  cause  vomiting,  and  had  to  be  discon- 
tinued. It  had  absolutely  no  influence  upon  the  temperature,  and  the  same 
was  true  of  cold  sponges  and  the  coal-tar  antipyretics  which  were  occasion- 
ally used. 

The  case  may  he  enumerated  as  follows.  Recurrent  fever  of  the  following 
course : 

Febrile  period-— November  27,  1891,  to  December  3,  1891  (six  days). 

Afebrile  period — December  3,  1891,  to  December  12,  1891  (nine  days). 

Febrile  period — December  12,  1891,  to  December  21,  1891  (nine  days). 

Afebrile  period — December  21, 1891,  to  January  1,  1892  (eleven  days). 

Febrile  period — January  1, 1892,  to  January  9,  1892  (eight  days). 

Afebrile  period — January  9, 1892,  to  January  20,  1892  (eleven  days). 

Febrile  period— January  20,  1892,  to  January  30,  1892  (ten  days). 

From  the  subsequent  notes  it  is  known  that  the  temperature  was  subnormal 
on  February  4th,  that  there  was  a  transient  rise  just  before  the  12th,  and  that 
it  was  normal  on  the  19th.  The  next  recorded  febrile  period  commenced  on 
March  4th,  and  continued  on  the  11th,  but  had  ceased  some  time  before  the 
18th.  The  afebrile  period  now  lasted  fourteen  days,  when,  on  the  25th,  the 
temperature  again  rose  to  104°,  but  on  April  8th  the  temperature  was  again 
subnormal. 

This  case  is  remarkable  for  the  number  of  paroxysms  that  were  observed, 
and  for  their  extreme  regularity.  During  the  paroxysms  the  glands  in  the 
neck  and  maxilla  became  swollen,  and  a  heart-murmur  developed.  The 
patient  had  impairment  of  appetite,  nausea,  vomiting,  and  emaciated  rapidly. 
Toward  the  end  of  the  attack  there  was  slight  jaundice  and  bile  in  the  urine. 
During  the  interval  the  swelling  of  the  glands  subsided,  the  appetite  returned, 
the  patient  ate  ravenously,  and  increased  in  weight.  Death  occurred  as  a 
result  of  the  progressive  cachexia,  with  the  usual  terminal  icterus. 

Case  II.  Hodgkin  h  duease ;  lymphatic^  pulmonary ^  pleural j  and  meningeal 
tuberculosis  ;  recurrent  fever  of  more  than  six  months^  duration;  death  from  tuber- 
culous  meningitis. — J.  C.  W.,  aged  fifty-nine  years,  married ;  merchant  and 
capitalist.  Active  in  business  life;  nervous  temperament;  moderate  in  the 
use  of  tobacco  and  stimulants.  Never  robust ;  subject  to  attacks  of  ^^  bilious- 
ness ''  every  two  or  three  months. 

Family  history  of  tuberculosis  very  marked  ;  no  other  inherited  tendency. 

Present  illness  of  five  years'  duration.  At  first  adenitis  and  asthenia; 
cervical,  axillary,  and  inguinal  glands  involved.  At  the  end  of  two  years 
considerable  return  of  strength,  with  diminution  in  size  of  the  glands,  but 
not  of  the  spleen.     The  cervical  and  inguinal  nerves  entirely  disappeared. 
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In  1899  had  slight  cough,  but  no  physical  signs  of  tuberculosis.  In  the 
autumn  of  1900  failed  rapidly,  and  in  October  fever  began.  It  continued 
immoderately,  and  was  recurrent  or  relapsing  in  type.  In  December,  1900, 
pulmonary  tuberculosis  developed.  In  February  there  was  a  large  aerons 
effusion  in  the  left  pleura.    In  May  cerebral  meningitis  set  in. 

The  Blood.  Opportunity  to  make  many  examinations  was  not  permitted. 
February  24, 1898 :  Hemoglobin,  71  per  cent. ;  red  blood-corpuscles,  4,778,500 ; 
white  blood-corpuscles,  8688 ;  polynuclear,  58.8  per  cent. ;  eosinophiles,  12.7 
per  cent. ;  small  lymphocytes,  21.04  per  cent. ;  large  lymphocytes,  13.77  per 
cent.  April  6th:  Hemoglobin,  82  per  cent.;  red  blood- corpuscles,  5,913,280. 
October  6th:  Hemoglobin,  70  per  cent;  red  blood-corpuscles,  3,335.000. 
February  3,  1899  :  Hemoglobin,  105  per  cent. ;  white  blood-corpuscles,  9000  ; 
polynuclear,  42  per  cent. ;  mononuclear,  12  per  cent. ;  large  lymphocytes,  6^ 
per  cent. ;  small  lymphocytes,  4  per  cent. ;  eosinophiles,  17  per  cent. ;  transi- 
tional 14.6  percent.;  myelocytes,  3  per  cent.  October  23,  1900 :  Hemoglobin, 
55  per  cent. ;  red  blood-corpuscles,  3,940,000 ;  white  blood-corpuscles,  4000 ; 
polynuclear,  54.50  per  cent. ;  small  lymphocytes,  31  per  cent. ;  large  lympho- 
cytei»,  25  per  cent. ;  transitional,  3.25  per  cent. ;  eosinophiles,  10.75  per  cent. : 
mononuclear,  25  per  cent. 

Lymphatic  O lands  and  Spleen,  At  first  the  adenitis  was  general ;  later  the 
glands  diminished  in  size;  then  they  enlarged,  to  decline  again.  During 
the  occurrence  of  the  fever  each  paroxysm  was  preceded  by  pain  in  the 
inguinal  glands  of  the  right  side.  The  patient  could  alw^ays  predict  a  par- 
oxysm. During  the  last  six  months  of  his  illness  progressive  atrophy  of  all 
the  glands  took  place.  The  apleen  was  enlarged  and  prolapsed.  It  never 
regained  its  normal  size,  although  it  was  not  enlarged  to  the  same  degree, 
because  of  the  general  atrophy,  the  last  six  months  of  life.  The  diagram 
shows  the  position  and  shape.  The  liver  was  enlarged  two  fingers^  breadth 
upward  and  to  the  same  extent  along  the  lower  margin ;  it  was  hard  and 
often  painful. 

The  Gastrointestinal  Symptoms,  They  were  not  unusual.  There  was  some 
anorexia  always,  but  during  the  course  of  the  fever  it  was  complete.  Food 
was  repugnant,  and  for  two  or  three  days  at  a  time  nothing  would  be  taken. 
Constipation,  alternated  with  diarrhoea;  the  former  was  more  prevalent. 
Vomit  of  fluid,  as  in  chronic  gastritis,  occurred  during  the  febrile  paroxysms, 
especially  in  the  first  period  of  the  fever. 

The  Pulmonary  Symptoms,  Cough  and  dyspnea  occurred  in  due  time.  Dur- 
ing 1900  there  was  some  cough.  In  December,  1900,  there  was  bronchitis, 
and  tubercle  bacilli  were  found  in  the  sputum.  In  January  consolidation 
of  the  upper  part  of  the  lower  right  lobe  was  found.  In  March  there  W8S 
a  left  pleural  effusion;  the  fluid  removed  by  aspiration  was  negative  for 
tubercle  bacilli.     General  tuberculosis  of  the  lungs  ultimately  prevailed. 

The  Heart  and  Bloodvessels.  The  heart  in  the  late  periods  (three  months) 
dilated,  and  murmurs  developed  in  consequence.  The  pulse  was  always  of 
low  tension. 
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Vrine.  Ocfoier  30, 1900.  Specific  gravity,  1010;  albumiD,  trace;  sugar,  0 
occasioDal  gnonlar  casta. 

22(f.  Bed  amber;  gpecific  gravity,  1020,  acid;  albumiD,  trace;  sugar,  0 
several  granular  caeta;  epithelial  cells. 

NofembrrWh.  Amber;  specificgraTity,  1010, acid;  albumin,  trace;  sugar, 0 
few  hyaline  casle. 

2tifA.  SpeciGc  gravity,  1020;  albumin,  trace;  sugar,  0-f-;  small  hyaline  and 
granular  casts. 

28M,    SpeciRc  gravity,  1020;  albumin,  trace;  sugar,  0;  amorphous  urate?. 

IMcevUierSd.  Specificgravity, 1012, acid;  albumin, trace ;  augar,0;  oxalates 
of  lime:  a  hyaline  cast. 

li(/i.  Specific  gravity,  lOIS;  albumin,  trace;  a  hyaline  cast. 


ISlh.  Twenty-three  ounces  in  twenty-four  hours;  dark  amber;  specific 
gravity,  1030,  acid;  albumin,  trace;  sugar,  0;  urates;  amorphous;  occa- 
sional hyaline  casts. 

January  23, 1901.  Specific  gravity,  1015;  albumin,  trace;  sugar,  0;  granu- 
lar casts ;  oialatea. 

Febr'inrij  Hth.    Specific   gravity,  1020,  acid;  albumin,  0;  several  hyaline 

25'/'.  Specific  gravity,  1020;  albumin,  0;  an  occasional  hyaline  cast. 
April  \6fh.  Specific  gravity,  1015 ;  albumin,  trace ;  oxalates.    There  were 
no  unusual  urinary  symptoms;  the  amount  varied  from  time  to  time. 
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The  Fever,  During  October  and  November  there  were  several  paroxysms 
of  fever.  From  December  Ist  until  the  patient's  death  in  May  the  tempera- 
ture was  carefully  recorded.  From  the  first-named  date  until  March  6th 
there  were  fi^e  periods  of  apjTuria,  lasting  ten,  ten,  six,  fifteen,  and  eight 
days  respectively,  each  followed  by  a  period  of  twelve,  nine,  eight,  eight, 
and  eight  days  respectively. 

During  the  apyretic  periods  the  temperature  would  range  from  97°  to  98.5°. 
After  a  paroxysm  of  fever  the  temperature  would  be  subnormal  for  twenty-four 
or  forty-eight  hours.  The  onset  of  the  periods  of  fever  was  somewhat  abrupt ; 
the  acme  of  the  range  would  be  marked  in  twenty-four  hours.  In  the  earlier 
paroxysms  the  temperature  was  higher  than  the  later.  It  would  rise  to  103°, 
and,  with  the  difference  of  a  degree  or  a  degree  and  a  half  between  morning 
and  evening,  would  remain  during  the  paroxysm  at  this  height,  falling 
somewhat  abruptly  to  or  below  normal  in  about  eighteen  hours.  In  two  of 
the  paroxysms  there  was  a  crisis  and  a  pseudocrlsis.  The  fever  would  be 
preceded  by  pain  in  the  groin ;  it  would  be  attended  by  extreme  anorexia 
and  insomnia.  The  degree  of  each  of  these  symptoms  was  remarkable. 
There  was  no  change  in  the  size  of  the  spleen.  The  urine  would  be  scanty 
and  loaded  with  urates.  The  pulse  would  range  from  65  to  75  during  the 
apyretic  period;  from  80  to  90  during  the  febrile  period.  The  respirations 
were  22  to  26  in  the  former;  28  to  35  in  the  latter  period.  After  March  5th 
the  fever  became  mildly  continuous,  rising  to  101°-102°  in  the  evenings.  (See 
chart  for  record  of  a  paroxysm.) 

Symptoms  of  cerebrospinal  meningitis  of  tuberculous  origin  arose  two 
weeks  before  death.  The  final  invasion  of  the  tuberculous  process  was  seated 
in  the  nervous  system. 

Conclusions.  Hodgkin's  disease  is  in  all  probability  a  lymphatic 
tuberculosis.  Fever,  recurrent  in  type,  occurs  commonly  in  this  in- 
fection of  the  glandular  structures.  So-called  recurrent  fever  is  a 
symptom^  not  a  disease.  In  a  few  rare  instances  the  clinical  diag- 
nosis, where  such  fever  prevailed,  was  malignant  lymphoma  (Pel), 
sarcoma  (Volckers),  myelosarcoma  (Hammer),  and  lymphosarcoma 
(Remus  and  Witthower,  Seebohn).  It  must  be  remembered  such  dis- 
tinguished authorities  as  Ehrlich  and  Lazarus  believe  that  Hodgkin^s 
disease  is  a  lymphosarcoma,  and  that  the  tuberculous  process  is  acci- 
dental. Sternberg,  on  the  other  hand,  has  pointed  out  the  differences, 
and  strongly  insists  upon  the  tuberculous  as  the  process  giving  rise 
to  the  adenitis  of  Hodgkin's  disease.  He  believes  the  symptoms  are 
different  from  other  forms  of  tuberculosis,  the  anatomy  of  the  gland 
having  much  to  do  with  the  process.  We  agree  with  the  conclusions 
of  Sternberg. 


SOME  OBSERVATIONS  IN  TWO  CASES  OF  DIVERTICU 

LUM  OF  THE  ESOPHAGUS. 


By  FRANZ  PFAFF,  M.D , 

OF  BOSTON. 


Dilatations  of  the  esophagus  are  comparatively  rare.  The  liter- 
ature on  this  subject  is  not  at  all  voluminous.  Besides  the  different 
single  observations  published  by  the  different  authors,  there  are  only 
two  larger  essays  upon  this  subject,  the  older  one  by  Zenker  and  Ziem- 
sen,*  and  the  most  recent  one  by  Hugo  Stark.^  In  Stark's  publication 
the  literature  on  this  subject  is  treated  exhaustively.  In  it  all  the  older 
cases  are  tabulated  and  some  original  observations  added.  Since 
Stark's  publication  a  few  new  observations  have  been  made  by  West- 
phalen,^  F.  Yung,*  and  Schwalbe.^  Of  idiopathic  dilatations  Dr.  Yung 
cites  forty-eight  cases,  including  his  own  two  observations.  A  few 
more  cases  have  been  published,  but  the  small  number  shows  the 
scarcity  of  the  material  observed.  A  few  new  observations  may, 
therefore,  be  of  interest,  especially  as  the  result  of  treatment  in  these 
two  cases  gave  a  very  good,  although  palliative,  result. 

Case  I. — I  am  indebted  to  Dr.  G.  M.  Garland,  of  Boston,  with  whom  I 
saw  the  patient  in  December,  1896.  At  that  time  the  patient  was  twenty- 
seven  years  old.  Up  to  a  year  before  that  he  was  perfectly  well.  The  family 
history  was  absolutely  negative.  So  far  as  the  patient  and  his  mother  re- 
member, he  never  had  a  day  of  sickness  in  his  life,  and  never  spent  twenty- 
four  hours  in  bed.  He  even  never  suffered  from  the  ordinary  children's  dis- 
eases, like  measles,  etc.  The  patient  complained  of  some  dull  sensation  at 
the  pit  of  the  stomach,  which  occasionally  amounted  to  rawness  and  actual 
pain,  regurgitation  of  food,  and  loss  of  flesh.  His  weight  was  140  pounds. 
One  of  the  prominent  symptoms  was  a  very  distressing  hiccough.  The  pa- 
tient complained  that  soon  after  eating,  and  even  during  meals,  he  brought 
up  food  by  regurgitation.  As  a  rule  he  spit  the  food  out;  occasionally  he 
swallowed  it  again.  The  regurgitation  of  food  lasted,  however,  hours  afler 
meals. 


DIVERTICULUM    OF    THE    ESOPHAGUS.  667 

The  physical  examinatioD  of  the  patient  was  entirely  negative.  Ex- 
amination showed  that  a  good-sized  stomach-tube  passed  comparatively 
easy  into  the  stomach.  A  slight  resistance  was  felt  near  the  entrance 
into  this  organ,  which,  however,  could  be  overcome  by  manipulation  with- 
out using  any  force.  The  stomach,  after  twelve  hours'  fasting,  contained 
free  HCl,  some  lactic  acid,  partly  digested  food,  and  besides  this  undi- 
gested food,  such  as  meat  and  other  articles  of  diet,  which  the  patient  had 
taken  the  day  previous.  The  stomach  was  washed  out  thoroughly  and 
Ewald's  test  breakfast  given.  After  an  hour  the  tube  was  passed  again  into 
the  stomach,  and  again  a  slight  resistance  was  felt  near  the  cardiac  orifice, 
which,  however,  couid  be  overcome  without  using  any  force,  and  simply  by 
manipulation.  The  patient  expressed  the  remainder  of  his  test  breakfast. 
The  qualitative  and  quantitive  examination  of  the  same  gave  normal  results. 
In  both  these  examinations  made  at  one  and  the  same  sitting  no  food  came 
through  the  tube  before  it  had  reached  the  stomach.  A  diagnosis  was  not 
made  at  that  time.  Spasm  of  the  cardia  or  the  esophagus  was  thought  of. 
As  to  the  food  found  in  the  empty  stomach,  the  conclusion  arrived  at  at  this 
time  was  that  this  food  must  have  lodged  the  whole  night  above  the  entrance 
into  the  stomach — t.  6.,  in  the  esophagus — and  had  reached  the  stomach  at 
the  time  the  stomach- tube  was  passed  into  this  organ,  or  shortly  before.  The 
patient  was  seen  only  the  one  morning. 

At  the  same  sitting  he  was  taught  to  use  the  stomach-tube  himself.  He  was 
advised  to  take  for  the  next  few  weeks  only  liquid  food,  such  as  milk,  raw 
eggs,  gruels,  etc.,  through  the  tube,  and  not  to  masticate  or  to  swallow  any 
food.  He  was  given  a  prescription  containing  bromides  and  asked  to  report 
again  in  a  few  weeks. 

By  some  misunderstanding  he  did  not  report  until  October,  1899.  He 
looked  in  perfect  health.  He  had  gained  twenty-five  pounds,  his  weight 
being  now  165  pounds.  The  patient  said  he  had  to  use  the  stomach-tube 
all  the  time  to  feed  himself  (two  years  and  ten  months),  as  food  taken  the 
ordinary  way  was  always  regurgitated,  whereas  food  taken  with  the  aid 
of  the  stomach-tube  remained  in  the  stomach.  He  had  noticed  that  when 
he  swallowed  food,  and  later  fed  himself  with  the  tube,  this  food  remained 
in  the  stomach,  whereas  that  taken  before  in  a  natural  way  came  up  invaria- 
bly. Of  course,  this  symptom  alone  suggested  at  once  the  existence  of  a 
diverticulum  of  the  esophagus.  During  the  thirty- four  months  the  patient 
had  attempted  nearly  every  day  to  eat  some  food  by  the  mouth,  being  obliged 
to  take  his  meals  with  his  associates.  He  was  over-sensitive  and  did  not  want 
to  let  his  friends  know  his  trouble,  so  he  sat  down  to  meals  daily  and  "went 
through  the  performance  of  eating.''  He  ate  small  quantities  until  the 
pressure  on  the  pit  of  the  stomach  was  so  great  that  he  had  to  stop  eating  or 
to  regurgitate  the  food,  and  so  get  rid  of  a  part  of  it,  before  he  was  able  to 
take  new  food  by  the  mouth.  If  he  gave  up  feeding  himself  by  the  tube  he 
lost  flesh  rapidly.  The  regurgitation  of  food  was  never  preceded  or  accom- 
panied by  nausea.  Sometimes  the  patient  regurgitated  food  which  he  had 
Am  Pbys  42 
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taken  days  before.  Of  subjective  symptoms  the  patient  complained  still  of 
rawness  at  the  pit  of  the  stomach.  If  the  patient  avoided  eating  by  the 
mouth  and  could  feed  himself  only  by  the  stomach-tube,  he  felt  better.  The 
soreness  and  distress  at  the  pit  of  the  stomach  disappeared,  there  remaining 
only  the  sensation  of  dulness.  The  patient  said  that,  as  a  rule,  he  had  had 
no  difficulty  in  introducing  the  tube  into  his  stomach.  By  changing  his  po- 
sition and  by  manipulation,  without  any  use  of  force,  he  could  get  the  tube 
easily  into  his  stomach.  Occasionally,  however,  he  did  have  difficulty  in 
introducing  the  tube.  In  such  instances  food  would  come  up  first  through 
the  tube  (the  contents  of  the  diverticulum),  and  when  the  tube  was  passed 
further  on  he  could  introduce  food  through  the  tube  into  the  stomach.  Once 
or  twice  every  year,  however,  it  would  be  impossible  for  him  to  use  the  tube. 
When  he  had  a  so-called  "  bilious  attack "  the  attempt  to  introduce  the 
stomach-tube  was  always  followed  by  nausea  and  vomiting  of  green  bile 
mixed  with  mucus,  and  he  was  not  able  to  pass  the  tube  into  the  stomaOh. 
These  attacks  were,  however,  quite  distinct  from  his  ordinary  regurgitation. 
The  matter  brought  up  looked  different.  Only  in  the  beginning  did  he  vomit 
food ;  later  only  bile  and  mucus.  If  he  abstained  from  eating  or  feeding 
himself  for  one  or  two  days  these  attacks  would  pass  off,  and  any  new  at- 
tempt at  eating  by  the  ordinary  way  would  be  followed  by  regurgitation  of 
"  sweet  food  "  without  bile  and  without  nausea. 

As  already  said,  these  observations  made  by  the  patient  himself  suggested 
the  existence  of  a  diverticulum  of  the  esophagus.  The  patient  was  again 
examined  with  an  empty  stomach.  Before  the  tube  reached  the  stomach  150 
C.C.  of  a  mixture  of  fluid,  mucus,  and  solid  contents  came  up.  The  con- 
tents reacted  acid  to  blue  litmus  paper,  gave  no  reaction  with  Congo  paper 
or  Guenzburg's  reagent.  It  contained  lactic  acid,  and  gave  a  very  marked 
test  for  sugar.  Before  passing  the  tube  further  the  cavity  from  which  the 
contents  came  was  washed  thoroughly  with  water.  As  soon  as  no  particles 
of  food  were  present  in  the  wash-water  the  tube  was  passed  further  and  the 
patient  asked  to  express.  A  small  quantity  of  food  was  expressed,  which 
showed,  according  to  macroscopic  and  microscopic  examination,  the  same 
articles  of  food  as  the  contents  which  were  obtained  by  introducing  the  tube 
into  the  esophagus.  The  chemical  analysis  gave  the  same  results  also,  show- 
ing absence  of  HCl,  etc.,  so  that  the  question  whether  the  second  quantity 
of  food  came  from  a  second  and  distinct  cavity  could  not  be  settled  at  this 
examination.  (Three  years  ago  the  contents  received  from  the  empty  stomach 
showed  the  presence  of  HCl,  whereas  at  this  examination  HCl  was  absent.) 
A  few  days  later,  November  21,  1899,  a  new  examination  was  made.  The 
patient  had  tried  to  eat  an  ordinary  dinner,  consisting  of  turkey,  bread. 
butter,  cheese,  and  milk,  at  6.30  p.m.  At  7  P.M.  he  vomited,  as  he  said, 
about  three-quarters  of  his  dinner,  but  without  nausea.  The  following 
morning,  as  soon  as  the  tube  was  introduced  into  the  esophagus,  but  not  far 
enough  for  it  to  have  reached  the  stomach,  80  c.c.  were  expressed  through 
the  tube.    The  contents  showed  an  ordinary  reaction  of  food  only  partially 
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digested  by  saliva.  As  soon  as  the  80  c.c.  of  food  were  directly  expressed 
the  tube  was  not  changed,  but  wash-  water  poured  in  and  siphoned  out  until 
no  solid  particles  were  to  be  seen  in  the  wash-water.  The  patient  himself 
introduced  the  tube  now  about  10  cm.  further  and  tried  to  express.  Nothing 
came  up  directly.  Water  was  poured  into  the  tube  and  siphoned  out,  but 
no  solid  particles  came  with  the  wash-water.  An  analysis  of  the  stomach 
contents  could,  therefore,  not  be  made,  none  being  present.  That  we  had  to 
deal,  however,  with  two  distinct  cavities  was  more  than  probable.  In  wash- 
ing out  the  first  cavity  the  patient  complained  of  pressure  pains  as  soon  as 
200  or  250  c.c.  were  poured  in,  whereas  in  the  supposed  second  and  lower 
cavity  1000  or  more  c.c.  could  be  introduced  without  any  pressure  pains 
being  complained  of. 

On  the  next  morning,  however,  conclusive  chemical  proof  could  be  ob- 
tained that  we  had  to  deal  with  two  distinct  cavities,  in  which  two  different 
digestive  ferments  were  secreted. 

The  patient  was  advised  to  wash  his  esophagus  and  stomach  separately 
until  all  the  wash-water  came  out  clear,  then  to  take  Ewald's  test  breakfast 
through  the  tube,  using  pulverized  toast  for  bread.  As  soon  as  he  had  intro- 
duced into  the  stomach  the  toast  and  water  the  patient  ate  by  mouth  some 
bread  and  water  directly.  An  hour  later,  after  the  patient  had  finished  these 
two  meals,  the  tube  was  introduced  into  the  esophagus  and  155  c.c.  were  ob- 
tained by  expression.  The  cavity  from  which  the  155  c.c.  of  solid  and  liquid 
material  came  out  was  washed  until  the  wash-water  came  perfectly  clear. 
The  tube  was  now  introduced  further,  and  80  c.c.  of  colorless,  clear  fluid 
containing  a  few  shreds  were  thus  obtained.  The  analysis  of  these  two  con- 
tents gave  the  following  results : 

Specimen  A.  Specimen  B. 

From    upper  cavity.      Mixture    of  From  lower  cavity.    Colorless  liquid. 

solid   and  liquid  contents.      Fil-  Perfectly  clear,  except  for  a  few 

trate  clear  yellowish.  shreds. 

Blue  litmus :  red.  Red. 

Red  litmus  :  no.  No. 
Congo,  phloroglucin,  methyl  violet: 

negative.  Strong  positive. 

Albumin :  trace.  Good  trace. 

Fehling's  test :  strong  positive.  Absent. 

Results  of  digestive  experiments  : 
Coagulated  egg  albumin  -f-  0.2  per 

cent.  UCl  4-  filtrate :  negative.  Totally  digested  in  half  an  hour. 

Egg  albumin  +  filtrate:  no  action.  Partial  digestion. 

Starch  -{-  filtrate :  good  action.  No  action. 

As  the  patient  had  had  difficulty  in  bringing  Ewald's  test  breakfast  through 
the  tube  into  the  stomach  in  the  above  experiment,  on  account  of  the  tube 
becoming  plugged,  and  as  he  was  only  able  to  pass  scarcely  half  the  quantity 
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through,  I  therefore  directed  him  to  prepare  a  combination  test  of  oatmeal 
and  water  (two  ounces  of  oatmeal  and  ten  to  twelve  ounces  of  water),  to  be 
taken  into  the  stomach  through  the  tube,  and  bread  and  water  to  be  taken 
afterward  by  the  mouth.  This  combination  test  breakfast  we  have  repeat- 
edly tried  in  the  last  year  and  a  half,  and  always  with  the  same  results. 
From  the  esophagus  a  mixture  of  bread  and  water  came  up.  expressed  after 
an  hour,  varying  in  amount  from  60  to  90  c.c,  and  containing  between  4 
and  6  per  cent,  of  sugar,  lactic  acid,  ptyalin,  but  no  HCl  or  pepsin,  etc 
Then  the  esophagus  was  thoroughly  washed  out  and  the  tube  introduced 
into  the  stcmach.  The  patient  expresses,  after  such  a  combination  break- 
fast, from  40  to  90  c.c.  of  stomach  contents,  containing  pepsin  and  HCl,  the 
latter  varying  in  quantity  from  0.1  to  0.2  per  cent. 

As  soon  as  the  condition  was  recognized  as  a  diverticulum  of  the  lower  end 
of  the  esophagus  the  patient  was  advised  to  abstain  entirely  from  eating,  bnt 
to  feed  himself  only  through  the  stomach-tube.  During  the  past  twenty 
months  he  has  been  directed  to  take  per  day  about  2000  to  2400  c.c.  of  milk, 
500  c.c.  of  thick  soup  mixed  with  different  gruels,  thick  cream,  chocolate, 
about  80  to  100  grams  of  sugar,  salt,  Bass'  ale,  and  whiskey.  After  each  feed- 
ing he  was  advised  to  wash  his  esophagus  out  thoroughly,  and  to  do  so  even 
oftener  in  case  he  should  have  any  dull  feelings  or  rawness  in  the  pit  of  his 
stomach.  This  rawness  in  the  pit  of  the  stomach  was  due  to  a  local  inflam- 
mation, as  wash- water  from  the  empty  esophagus  contained  at  this  time  very 
large  quantities  of  squamous  cells  and  leucocytes,  indicating  some  inflamma- 
tory process.  So  long  as  the  patient  follows  these  instructions  he  feels  per- 
fectly well.  Even  the  soreness  and  distress  which  he  complained  of  in  for- 
mer times  has  disappeared  completely. 

These  symptoms  recur  as  soon  as  he  eats  by  the  mouth,  which  he  occasionally 
does  when  forced  to  by  circumstances.  He  eats  then  by  the  ordinary  way 
until  pressure  symptoms  set  in  and  he  has  to  r^urgitate  his  food.  On  such 
occasions  hiccough  again  makes  its  appearance,  but  as  soon  as  he  is  able  to 
wash  his  esophagus  clean  the  hiccough  and  the  other  subjective  symptoms 
disappear.  As  a  rule,  the  patient  has  no  difficulty  in  introducing  the  stom- 
ach-tube into  the  stomach,  provided  the  esophagas  is  empty.  Occasionally 
he  has  to  remove  the  accumulated  saliva  from  the  esophagus  with  water,  lest 
he  is  not  able  to  introduce  the  tube  into  the  stomach. 

Since  prescribing  for  the  patient  a  regular  amount  of  food  per  day  he  has 
gained  fifteen  pounds  in  two  months ;  his  weight  during  the  past  year  has 
been  between  178  and  183  pounds,  instead  of  140  pounds,  as  when  first  seen. 

The  volume  of  the  diverticulum  has  not  increased  materially  in  the  last 
year  and  a  half.  As  soon  as  220  to  250  c.c.  of  water  are  poured  into  the 
esophagus  the  patient  complains  of  pressure  pains  in  the  pit  of  the  stomach. 
That  is  the  same  volume  of  liquid  which  the  patient  could  bear  about  two 
years  ago.  The  diverticulum  has  apparently  not  increased  in  size,  bnt  in 
spite  of  avoiding  as  much  as  possible  any  distention  by  food  or  accumulated 
saliva  the  sac  does  not  decrease  in  size,  or  at  least  the  passage  of  food  into 
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the  stomach  is  not  made  easier.    At  present  his  condition  seems  to  be 
stationary. 

During  the  last  two  years  the  tube  always  meets,  at  about  51  to  53  cm.  from 
the  incisor  teeth,  a  resistance  which  cannot  be  overcome  by  force.  But  as 
soon  as  the  patient  feels  this  resistance  he  draws  the  tube  for  about  10  or  15 
cm.,  throws  his  head  backward,  and  can,  as  a  rule,  then  pass  the  tube  easily 
into  the  stomach  without  the  use  of  the  slightest  force.  On  the  way  to  the 
stomach  there  is  never  the  sensation  of  passing  any  narrow  passage  or 
stricture. 

We  tried  to  make  some  X-raj  observations  and  to  take  a  skiagraph 
of  the  diverticulum.  I  am  very  much  indebted  to  Mr.  Walter  Dodd, 
of  the  Massachusetts  General  Hospital,  who  very  kindly  made  all  the 
X-ray  observations.  My  intention  was  to  pass  into  the  empty  stomach 
one  of  Kubn's  '^  spiral-gummi  '*  bougies  in  order  to  have  a  metal 
sound  going  from  the  mouth  into  the  stomach,  and  as  soon  as  this 
was  in  position  to  fill  the  diverticulum  with  bismuth  emulsion  through 
a  second  tube  passed  into  the  esophagus.  The  introduction  of  the 
spiral  bougie  into  the  stomach  and  the  suspension  of  bismuth  into  the 
esophagus  were  easily  accomplished.  The  patient  himself  showed  the 
utmost  patience  in  these  experiments.  In  spite  of  all  care,  the  pic- 
tures obtained  were  not  very  satisfactory.  On  the  negative  plate  one 
sees  the  metal  sound  going  further  down  than  the  shadow  correspond- 
ing to  the  filled  diverticulum.  The  outlines,  however,  are  not  very 
distinct.  In  other  attempts  we  filled  the  diverticulum  only  with  bis- 
muth suspension  without  passing  the  metal  bougie  into  the  stomach. 
The  negatives^  were  much  better  and  showed  clearly  the  position  of 
the  diverticulum. 

We  made  a  few  further  tests  to  test  the  absorbing  power  of  the 
esophagus.*  In  the  different  hand-books  of  physiology  we  still  find  the 
statement  that  the  esophagus  is  capable  of  absorption.  S.  J.  Meltzer's 
patient,^  however,  did  not  feel  any  effects  from  alcohol  as  long  as  she 
kept  the  alcoholic  solution  in  the  esophagus.  But  very  small  quantities 
of  alcohol  poured  into  the  stomach  caused  the  characteristic  effects. 
The  same  patient,  when  given  atropin  into  the  esophagus,  showed  no 
action  of  this  drug,  even  when  it  remained  there  for  hours.  But  a  few 
minutes  after  the  atropin  solution  has  reached  the  stomach  the  charac- 
teristic action  of  atropin  was  plainly  visible  and  felt  by  the  patient. 

*  The  picture  of  It  was  shown  at  the  meeting. 
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Joseph  Majbaum'  proved  that  potassium  iodide  or  alcohol  was  not 
absorbed  from  the  esophagus.  Flaum  and  Pechkranz"  seem  to  have 
obtained  similar  results.  With  our  patient  we  made  a  few  quantitative 
tests  with  solutions  of  lactose  and  sodium  chlorid.  They  proved 
that  no  absorption  takes  place  from  the  esophagus.  In  each  experi> 
ment  a  solution  containing  the  drug  remained  thirty  minutes  in  the 
esophagus.  It  was  introduced  directly  with  the  aid  of  a  tube,  the 
tube  removed  and  washed,  and  in  this  wash-water  the  quantity  of  the 
drug  determined  which  did  not  remain  in  the  esophagus.  After 
thirty  minutes  the  tube  was  again  introduced,  the  patient  expressed 
the  contents,  and  the  esophagus  was  then  washed  repeatedly  with 
water.  These  wash-waters  were  added  to  the  quantity  obtained  by 
expression. 

Experiment  I. 

Introduced  into  the  esophagus  through  tube  100  c.c.  of  water 
containing  17.2  lactose 17.2  g.  lactose. 

Recovered  in  the  wash- water,  and  which,  therefore,  failed  to 
enter  the  esophagus 2.23        '' 

Actually  introduced  into  esophagus 14.97        *' 

After  thirty  minutes  112  c.c.  expressed  from  esophagus; 

to  these  were  added  the  wash- water,  making  together 

1225  C.C. 
5.3  C.C.  of  this  mixture  contained  0.067  g.  lactose,  or  1.26 

percent;  1225  c.c.  contained,  therefore     ....     15.43        " 

-f  0.46 
Experiment  11. 

In  the  experiments  with  sodium  chlorid  solution  the  patient  was  asked 
not  to  swallow  the  saliva,  but  to  keep  his  mouth  open  and  to  collect  the 
saliva  in  a  porcelain  dish.  The  sodium  chlorid  solution  was  introduced  into 
his  esophagus  and  remained  there  for  half  an  hour.  The  mode  of  procedure 
was  the  same  as  in  the  experiments  with  lactose. 

Saliva  during  thirty  minutes  =  28  c.c,  containing  0.046  g. 

NaCl  =  0.17  percent. 
Injected  into  esophagus  100  c.c.  NaCl  solution,  containing 

2.438  g.NaCi 2.438  g.  Naa 

Recovered  in  wash-water         .......    0.503 


Actually  in  esophagus 1.935 

After  thirty  minutes  recovered  from  esophagus      .        .        .     1.096 

-f  0.021 


t4 

€t 
tt 
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Experiment  III, 

Saliva  during  80  minutes  =  29.5  c.c.  =  0.042  g.  NaCl  =  0.14 

per  cent,  (little  saliva  was  lost). 
Injected  into  esophagus  100  c.  c.  NaCl  solution  containing  .    2.438    g.  NaCl 
Recovered  in  wash- water 0.5448        *' 


(I 


Actually  in  esophagus 1.8932 

After  thirty  minutes  recovered  from  esophagus    .  1.8450 

—  0.0482 

From  these  experiments  no  absorptive  power  of  the  esophagus  can 
be  deduced.  The  esophagus  seems  to  have  no  more  absorptive  power 
than  normal  skin. 

Case  II. — I  am  indebted  to  Dr.  Tiemey,  of  Leominster,  Mass.,  for  this  case. 
I  saw  the  patient  the  first  time  July  8, 1900.  He  was  sixty-nine  years  old. 
In  this,  like  Case  I.,  no  etiologic  factor  could  be  found  in  the  history  for 
the  formation  of  a  diverticulum.  The  examination  of  this  patient  also 
proved  negative.  No  tuberculosis,  syphilis,  etc.  The  patient  said  that  the 
act  of  swallowing  became  more  and  more  difficult  for  six  years  past.  He 
had  to  give  up  first  solid  food,  and  later  the  swallowing  of  liquid  food  be- 
came more  and  more  difficult.  All  the  food  ''  went  up  and  down  in  the 
esophagus,  and  he  could  not  swallow  the  same.''  Even  milk,  after  remain- 
ing there  for  quite  a  while,  was  regurgitated »  not  curdled.  The  patient  had 
lost  constantly  in  weight  in  six  years — in  the  last  two  years  alone  thirty-eight 
pounds,  and  in  the  last  few  weeks  rapidly  more.  He  suffered  intensely. 
He  saw  food  before  him,  but  could  not  eat  it.  He  saw  water,  and  could  not 
drink  it.  But  he  never  had  any  pain.  The  patient,  a  comparatively  tall 
man,  weighed  in  a  heavy  suit  ninety-seven  pounds.  He  looked  the  picture 
of  starvation.  At  first  sight  one  was  inclined  to  think  of  a  carcinoma  of  the 
esophagus,  but  later  developments  proved  the  case  to  be  one  of  a  diverticu- 
lum situated  near  the  bifurcation  of  the  bronchi. 

The  case  as  such  does  not  offer  any  unusual  features  of  interest,  and  I  relate 
it  only  on  account  of  the  improvement  in  the  patient's  condition  which  fol- 
lowed as  soon  as  we  were  able  to  pass  a  sound  beyond  the  diverticulum  and 
feed  the  patient  regularly.  At  first  the  introduction  of  stomach-tubes,  sounds 
catheters,  bougies,  etc.,  seemed  to  be  impossible.  For  eight  days  all  kinds 
of  devices  were  tried  three  times  a  day,  each  sitting  lasting  from  one  to  two 
hours.  I  am  very  much  indebted  to  Dr.  Elliott  P.  Joslin  for  his  unvarying 
assistance  and  help  in  this  case.  The  patient  and  his  doctors  were  often  quite 
exhausted  after  such  trials,  but  the  doctors  went  home  after  an  unsuccessful 
attempt  to  pass  the  diverticulum,  whereas  the  poor  patient  was  left  to  starve. 

But  our  attempts  and  the  patient's  patience  were  not  in  vain.  At  first  we 
were  occasionally  able  to  pass  the  catheter  beyond  the  diverticulum  and  a 
stiff  stomach-tube  even  into  the  stomach,  and  so  to  feed  the  patient  by  the 
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moath.  Of  course,  rectal  feeding  was  resorted  to  at  the  same  time.  After- 
ward the  patient  learned  very  soon  to  pass  a  moderately  stiff  catheter  beyond 
the  diverticulum,  and  so  was  able  to  feed  himself  regularly.  He  now  takes 
daily  three  meals,  each  one  less  than  one  liter  capacity,  not  feeling  the 
necessity  for  more  food.  The  patient  has  gained  twenty- five  pounds  in  six 
months,  and  feels  perfectly  well  and  content  and  able  to  do  his  work. 

He  has  attempted  repeatedly  to  eat  by  the  mouth,  but  without  resalt. 
The  diverticulum  fills  up,  and  he  cannot  swallow  any  food.  Attempts  to 
introduce  more  food  are  followed  by  regurgitation.  Like  the  patient  in  Case 
I.p  he  can  empty  the  diverticulum  and  the  esophagus  by  simply  bending  his 
body,  when  the  contents  flow  out  easily  by  straining  slightly. 

When  I  saw  the  patient  last,  on  February  21,  1901,  he  demonstrated  to 
me  how  easily  he  could  pass  the  tube  beyond  the  diverticulum.  In  less  than 
half  a  minute  he  had  his  long  catheter  half-way  into  the  esophagus  in  the 
right  position  and  ready  to  pour  liquid  food  into  the  attached  funnel.  He 
compared  his  performance  with  our  first  attempts  at  the  same,  and  a  happy 
smile  went  over  his  face. 

Both  cases  have  this  in  common,  that  there  was  no  improvement 
after  the  passage  of  larger  tubes  and  the  continued  feeding  through 
these  tubes.  In  some  other  cases  the  authors  observed  after  such 
treatment  at  least  temporary  improvement.  Both  patients  are  kept 
in  good  physical  condition  by  feeding  through  the  tube.  In  Case  I. 
the  absence  of  saliva  from  the  stomach  does  not  as  yet  have  any  bad 
influence  upon  the  amount  of  HCl  secreted. 

The  diverticulum  in  Case  II.  could  be  operated  upon.  A  method 
of  operation  for  a  diverticulum  situated  as  it  is  in  Case  I.  has  as  yet 
not  been  advanced. 
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DISCUSSION. 

Dr.  Mbltzer  :  I  wish  to  say,  in  the  first  place,  that  the  absorption  within 
the  normal  esophagus  is,  indeed,  very  low,  but  it  is  still  better  than  in  the 
normal  stomach.  The  exact  proportions  I  have  given  in  a  paper  on  the 
absorption  of  strychnin  from  the  alimentary  tract.  In  an  abnormal  esopha- 
gus, however,  as  in  the  interesting  case  reported  by  Dr.  Pfaff,  no  absorp- 
ti(»n  whatever  takes  place.  I  demonstrated  it  some  thirteen  years  ago  in  a 
case  of  consecutive  dilatation  of  the  esophagus,  where  atropin,  alcohol,  etc., 
exerted  no  influence  whatsoever  as  long  as  they  remained  within  the  esopha- 
gus. 

In  the  case  of  Dr.  Pfaff  there  was  at  first  a  diagnostic  question  between 
tonic  contraction  of  the  cardia  and  diverticulum.  Many  years  ago  I  called 
attention  to  a  diagnostic  point  which  has  its  value  just  in  such  cases  as 
this.  In  all  discussions  on  stenosis  of  the  esophagus  we  find  the  question 
raised  only  whether  the  path  is  free  in  the  direction  toward  the  stomach ; 
while  it  is  just  as  important  to  know  whether  the  passage  is  free  in  the  direc- 
tion from  the  stomach  upward.  Now,  patients  with  tonic  contractions  of  the 
cardia  can  rarely  vomit.  When  they  vomit  it  is  from  the  sac  above  the 
cardia,  which  can  easily  be  established.  Such  patients  again  can  have  no 
real  ructus.  They  often  belch,  but  auscultation  at  the  ensiform  cartilage 
will  soon  convince  that  the  gas  is  not  coming  from  the  stomach.  Now,  these 
and  other  points  are  absent  in  diverticulum  or  other  valve-like  causes  for 
stenosis,  etc.  I  do  not  wish  to  take  up  your  time  by  dwelling  any  longer  on 
the  particulars,  but  I  wish  again  to  call  your  attention  to  the  value  of  this 
diagnostic  point. 


OSTEITIS  DEFORMANS. 

By  FREDERICK  A.  PACKARD,  M.D.,  J.  DUTTON  STEELE,  M.D.. 

AND 

THOMAS  S.  KIRKBRIDE,  Jr  ,  M.D., 

OF  PHILADELPHIA. 


Before  proceeding  with  the  report  of  this  case  we  would  state  that 
the  histologic  examination  of  the  tissues  was  begun  by  the  late  Dr. 
T.  S.  Kirkbride,  Jr.,  whose  untimely  death  from  typhoid  fever,  con- 
tracted in  laboratory  work,  came  soon  after  the  beginning  of  what 
promised  to  be  a  brilliant  career.  The  work  so  begun  by  Dr.  Kirk- 
bride was  taken  up  and  carried  to  completion  by  Dr.  Steele. 

In  April,  1899,  there  was  admitted  to  the  men's  ward  of  the  Philadelphia 
Hospital  a  German,  aged  sixty-two  years,  who  for  some  months  had  been  an 
inmate  of  the  almshouse  department.  Until  the  onset  of  an  acute  indisposi- 
tion, for  which  he  was  referred  to  the  wards,  he  had  attracted  no  particular 
attention.  Owing  to  the  fact  that  he  could  speak  almost  no  English  and  was 
very  deaf,  with  some  impairment  of  mental  power,  nothing  could  be  learned  of 
his  past  history.  Attention  was  attracted  to  him  by  the  size  of  his  head,  which 
was  that  of  a  man  very  much  larger  than  he  was.  Not  only  was  his  head 
large,  but  it  had  a  peculiar  shape,  being  rather  box- shaped,  with  a  marked 
projection  of  the  forehead,  flattened  crown,  and  a  distinct  tumor  at  the  junc- 
tion of  the  left  temporal,  frontal,  and  parietal  regions.  (See  Figs.  1, 2,  and  3.) 
The  face  was  somewhat  larger  than  that  of  a  normal  individual  of  the  same 
size,  but  was  small  in  proportion  to  the  size  of  the  calvarium.  The  mastoid 
processes  were  large  and  heavy,  and  the  lower  jaw  was  also  disproportionately 
large,  but  was  not  prognathous.  The  soft  parts  of  the  face  showed  nothing 
out  of  the  way.  Measurements  of  the  head  were  taken  shortly  after  his  ad- 
mission, and  again  about  a  year  later.  For  the  purpose  of  comparison  both 
sets  of  measurements  are  inserted  here: 
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Bitemporal     . 
Binaur&l 
Fronto-occipilal 
OccipitomentBl 
Biparietal 
Angular 

Greatest  circumference 
Circumrerence  of  vault  from 
meatUB  to  uieatua 

Fia.  1 


Shorllr  mer 

Febniir; 

admiHioD, 

IBOO. 

14  cm. 

15}  C 

Pliot(«npb  or  (ubjecl  of  re 


living  BlifiK  or  hCHd,  rronlBl  lumor.  and  bony  deformltln. 


The  head  and  face,  therefore,  were  rather  egg-shaped,  with  the  larger  eud 
of  the  oval  pointing  upward,  r»  is  well  shown  in  the  figures.  The  tongue  waa 
of  normal  siM,  the  vault  of  the  hard  palat«  cnpacious,  but  not  deep ;  the 
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alveolar  processea  irere  eicewively  thick.  All  of  tbe  sutures  and  fontaoellcB 
were  clewed,  and  ahowed  no  depreesion  or  ridging.  Tbe  ipeech  wm  veir 
peculiar  and  practically  unintelligible,  although  not  entirely  because  of 
ignorance  of  tbe  language,  as  an  occasional  English  word  conld  be  discerned 
HO  thickly  emitted  that  its  recognition  was  almost  impossible.    The  laryoz 


Photograph  of  iubject  of  reporl,  sboivliig  size  of  head,  frontal  tumor,  clavicle,  md  pecoliai 
atiapeofchi-sl. 

nils  very  large  and  broad,  giving  the  necic  a  rather  full  appearance,  bnt  the 
thyroid  gland  could  not  be  outlined. 

A  curious  alteration  of  the  shoulder  girdle  was  present,  due  to  the  racttfam, 
while  the  clavicles  xCood  out  prominently  because  of  thickening  of  the  bones 
I  their  natural  curvea,  their  direction  was  almost  backward. 
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The  apper  ends  of  both  humeri,  eiipeciallr  the  heads,  were  much  thiclcened, 
mnd  the  oatural  cuives  aud  elevations  were  very  much  exaggerated.  Ou  both 
sideti  there  wM  marked  anterior  curvature  at  the  level  of  the  deltoid  inaertiou. 
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The  elbow-joints  appeared  to  be  normal,  as  were  also  the  bones  of  the  left 
forearm.  In  the  right  forearm  there  was  marked  curvatare  of  both  bones 
toward  the  radial  side.  On  both  sides  the  radius  and  ulna  had  a  distinct!  j 
rough  and  uneven  surface.  The  appearance  of  the  chest  can  best  be  appre- 
ciated hj  a  glance  at  Fig.  2.  Above,  the  chest  was  small  and  narrow,  with 
the  anteroposterior  diameter  almost  equal  to  the  lateral,  while  below  the 
chest  was  large  and  bulging.  No  substernal  dulness  could  be  detected.  The 
xiphoid  process  was  very  prominent  and  broad,  and  the  ribs  were  distinctly 
thick  and  heavy.  On  each  side  the  tip  of  the  eleventh  rib  was  almoat  in 
contact  with  the  crest  of  the  ilium.  The  costosternal  angle  was  very  oblique. 
There  was  marked  forward  curvature  of  the  spine,  with  very  evident  thick- 
ening of  the  lower  dorsal  and  upper  lumbar  vertebrae.  Dorsocervical 
kyphosis  was  present  without  scoliosis.  The  scapulae  were  apparently  not 
enlarged. 

Examination  of  the  abdomen  showed  that  there  was  excessive  pigmenta- 
tion of  the  skin  and  growth  of  hair  on  the  anterior  surface.  Just  beneath 
the  costal  margin  there  was  a  deep  transverse  furrow  extending  across  the 
abdomen.  The  general  outline  of  the  abdomen  was  that  of  a  diamond,  the 
angles  of  which  were  formed  by  the  xiphoid  angle,  the  pubis  and  the  junc- 
tion of  the  ribs  with  the  crests  of  the  ilium.  The  pelvis  resembled  in  shape 
that  of  the  female  rather  than  that  of  the  male,  being  very  broad  and  heavy, 
and  the  superior  basin  being  very  capacious.  The  distance  between  the  an- 
terior superior  spines  was  31  cm.  The  iliac  crests  were  remarkably  heavy, 
and  projected  far  beyond  the  level  of  the  trochanters.  The  extreme  lateral 
width  of  the  pelvis  was  34  cm.,  the  intertrochanteric  distance  being  80  cm., 
while  the  patient's  total  length  was  only  57  cm.  The  thigh  bones  were  some- 
what large,  but  were  not  much  deformed,  except  for  the  condyles,  which  were 
very  large.  The  patellee  were  about  normal  in  size.  In  the  skin  over  the 
left  patellar  tendon  there  was  a  flat  circular  mass  of  about  2.5  cm.  in  diameter, 
apparently  situated  in  the  superficial  layers  of  the  skin,  and  giving  to  the 
finger  the  sensation  of  an  enchondroma.  Both  tibiae  were  greatly  increased 
in  thickness,  especially  on  the  anterior  aspect,  the  surface  of  which  was 
rough.  This  thickening  and  prominence  were  more  marked  on  the  left  side 
than  on  the  right.  The  fibula  of  the  left  side  was  decidedly  thickened.  Both 
legs  showed  marked  outward  bowing,  the  distance  between  the  knees  when 
the  feet  were  placed  together  being  7.5  cm.  The  hands  and  feet  were  not 
enlarged. 

In  no  part  of  the  body  was  there  evidence  of  any  involvement  of  the  soft 
parts.  The  whole  attitude  of  the  patient  on  standing  up  irresistibly  reminded 
one  of  that  of  the  orang-outang. 

Oif  his  admission  the  man  had  a  large  pleural  effusion  in  the  right  side. 
This  was  withdrawn,  and  did  not  reaccumulate.  He,  however,  remained 
feeble  with  progressively  increasing  emaciation  and  slow  growth  of  the  tumor 
in  the  frontal  bone  until  his  death,  about  a  year  after  coming  under  observa- 
tion. 
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Atitopty  was  held  tweDtjr-four  bouni  after  death.  The  following  aotea  were 
made  at  the  time  :  Rigor  mortis  is  well  marked.  Extern&l  conrormation  as 
described  in  clinical  notes.  On  removing  the  scalp  there  is  found  a  large 
subcutaneous  tumor  springing  from  the  frontal  bone  to  the  left  of  the  median 
line.  The  tumor  is  of  soft  consistence.  In  places  the  scalp  ia  remarkably 
thin,  especially  in  the  left  temporal  region.  Theoutersurfaceof  tbecaWarium 
bas  a  rather  bluish  appearance,  and  seems  uomewbat  more  vascular  than 
normal.  The  saw  cuts  very  eaHily  through  the  bonee  of  the  skull.  The 
tumor  mentioned  above  is  found  to  measure  4x5  cm.  at  its  base,  and  has  an 
elevation  of  2  cm.    The  calvarium  is  fairly  uniformly  increased  in  thickness, 

Fio.  4. 


measuring  from  11  to  2  cm.  (See  Fig.  4  )  The  diploe  is  apparently  absent, 
excepting  in  the  frontal  and  occipital  regions.  A  little  to  the  left  of  the 
median  line  at  a  point  corresponding  to  the  superficial  tumor  the  bone  is 
thickened  to  3  cm.,  owing  to  the  presence  in  the  diploe  of  a  soil  growth  cor- 
responding in  consistence  to  that  seen  exieruully.  The  growth  projecla 
through  both  the  inner  and  outer  tablen.  The  brain  is  adherent  to  and 
almost  incorporated  with  the  growth.  The  whole  hollow  of  the  frontal  bone 
on  the  left  aide  is  occupied  by  a  large  irregularly  rounded  maaaof  soft  consist- 
ence, and  measuring  5  cm.  in  all  directions.  The  base  of  the  skull  appears 
large  and  gross,  and  all  of  its  concavities  are  deepened  except  the  sella  tur- 
cica, which  b  of  about  normal  size.    The  inner  table  of  the  calvarium  is 
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deeply  grooved  for  bloodvessels  and  freely  perforated  by  small  foramina. 
The  base  of  the  brain  shows  great  overfulness  of  the  bloodvessels.  The  mem- 
branes of  the  brain  seem  unaltered  over  a  greater  part  of  the  surface,  but  oyer 
the  convexity  the  pia  is  slightly  opaque.  In  the  led  frontal  region  anteriorly 
to  the  operculum  the  brain  substance  is  torn  and  softened  at  a  point  corre- 
sponding to  the  tumor  of  the  calvarium.  On  the  posterior  end  of  the  third 
frontal  convolution  there  are  some  small  whitish  granules  (sarcoma  or  tuber- 
culosis?). Similar  masses  are  found  bordering  upon  the  longitudinal  sinus 
of  the  left  side. 

On  the  right  side  there  are  some  old  adhesions  of  the  pleura,  especially 
near  the  apex ;  the  left  pleura  contains  a  small  amount  of  fluid.  The  layers 
of  the  pleura  on  the  left  side  are  much  thickened,  and  there  is  on  them  a 
gelatinous  substance  which  partially  fills  the  cavity.  A  large  " milk  patch" 
is  present  on  the  anterior  wall  of  the  left  ventricle.  The  heart  muscle  is  soft 
and  flabby,  but  there  is  no  other  alteration  of  the  walls  or  valves.  There  is 
an  area  of  atheroma  at  the  root  of  the  aorta.  The  left  lung  is  almost  but  not 
quite  airless.  The  diaphragm  on  the  left  side  shows  irregular  thickenings  of 
yellow  color  looking  like  sarcoma.  The  right  lung  shows  only  hypostatic 
congestion.  The  spleen  is  large,  measuring  13x8x8.5  cm.  The  pulp  is 
very  soft  and  the  Malpighian  bodies  prominent.  The  left  suprarenal  capsule 
is  thin,  and  the  distinction  between  the  cortex  and  the  medulla  is  very  poorly 
marked.  The  kidneys  are  large  and  pale,  with  somewhat  prominent  vessels, 
and  capsules  stripping  ofi*  readily.  The  right  suprarenal  resembles  the  left 
except  for  the  fact  that  there  is  a  post-mortem  cavity  in  the  medulla.  The 
liver  shows  slight  distention  of  the  small  bile  passages  ;  the  substance  of  the 
organ  appears  fairly  normal.  The  bile  ducts  are  patulous,  and  the  mucous 
membrane  of  the  gall-bladder  has  a  normal  appearance.  The  pancreas  is 
rather  small,  but  seems  otherwise  normal. 

Owing  to  the  limited  time  allowed  for  the  autopsy,  it  was  impossible  to 
remove  the  spinal  cord  or  the  peripheral  nerves.  It  is  much  to  be  regretted 
that  preservation  of  the  thyroid  gland  was  for  some  reason  inadvertently 
overlooked.  Grossly  it  showed  no  change,  but  it  would  have  been  advan- 
tageous to  have  proved  its  condition  by  microscopic  examination.  While 
changes  in  the  spinal  cord  described  by  some  observers  are  probably,  as  they 
have  pointed  out,  due  to  the  accompanying  arteriosclerosis,  our  inability  to 
remove  the  spinal  cord  because  of  lack  of  time  is  a  source  of  regret. 

'Microscopic  Examination. — Clavicle,  A  portion  of  the  bone  was  taken  from 
about  the  middle  of  the  shaft  of  the  thickened  portion.  It  was  cut  with  the 
saw  with  somewhat  greater  ease  than  a  normal  bone.  Decalcification  in  5 
per  cent,  nitric  acid  and  phloroglucin  was  complete  in  twelve  hours,  showing 
the  small  amount  of  lime  salts  in  the  tissue,  as  ordinary  bone  requires  from 
three  to  four  days  for  decalcification  in  this  solution. 

The  sections  were  stained  by  hematoxylin  and  eosin.  The  part  of  the 
shaft  that  is  usually  compact  bone  substance,  with  regular  Haversian  sys- 
tems, consists  of  a  finely  porous  structure  in  which  areas  of  unaffected  bone 
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Alternate  with  spaces  tbftt  are  evidently  the  resatt  of  its  absorption.  These 
spaces  are  Blled  with  a  fibrous-tissue  reticulum.  The  cells  of  the  spaces  are 
moetlj  spindle  in  character;  but  there  are  also  many  round  cells,  with 
deeptj-staining  nuclei,  polymorphonuclear  leukocytes,  and  a  few  nucleated 
red  cells,  and  some  fat  cells.    Most  of  the  tnterspacea  are  esceedingly  vas- 


Seclloii  of  Ihe  itiBft  of  Ihe  dlHuEcd  elavi 
metrj.  abrariillou  eiacve  and  tbe  lilimus 
msuy  bloodvesMli.  are  well  abowo.    There  are  several  areas  of  uuoi lei Hed  new  bone. 

cular.  In  many  there  are  networks  of  dilated  capillaries  whose  walls  are  but 
a  single  layer  of  endothelium.  Larger  arteries  cannot  be  seen  in  the  sections 
obtained.    (See  Fig.  S.) 

The  reticulated  structure  runs  almost  to  the  periosteum,  aud  a  thin  shell 
immediately  under  it  is  the  only  representative  of  the  compact  substance. 
Am  Pb;a  43 
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lo  the  interspaces  are  numerous  groups  of  giant  cells  with  many  nuclei. 
These  cells  lie  in  the  edges  of  the  unaffected  bone,  and  are  apparently  engaged 
in  its  absorption. 

Running  through  these  interspaces  and  through  the  bone  itself  are  masses 
of  closely  packed  cells,  resembling  osteoblasts,  with  a  fibrous  matrix.  This 
is  evidently  an  attempt  at  the  formation  of  new  bone,  but  in  no  place  is  it 
calcified.  The  dividing  line  between  the  unabsorbed  and  new  bone  is  sharp, 
and  there  is  every  indication  that  the  processes  are  distinct  from  one  another. 

Skull.  The  distinction  between  the  diploe  and  outer  and  inner  tables  is 
entirely  lost,  as  far  as  could  be  seen  from  the  sections  of  the  bone  obtained. 
Tnere  is  a  thin  and  irregular  plate  of  compact  bone  under  the  periosteum, 
but  elsewhere  the  bone  is  honeycombed  by  absorption  spaces,  giving  it  a 
porous  structure.  These  interspaces  (as  in  the  clavicle)  are  filled  by  a  con- 
nective-tissue reticulum  containing  spindle  cells,  round  cells  with  large 
nuclei,  poly  nuclear  leukocytes,  and  a  few  giant  cells.  This  last  variety  are 
not  as  numerous  as  in  the  sections  from  the  clavicle.  As  in  the  clavicle, 
there  are  bundles  of  osteoblasts  in  a  fibrous  matrix  running  through  the 
bone  and  spaces  in  all  directions,  evidently  representing  new  bone.  The 
interspaces  in  the  skull  are  not  as  vascular  as  in  the  clavicle ;  however,  they 
are  well  supplied  with  blood  by  capillaries.  No  large  arteries  are  seen  in 
the  section.  Sections  from  the  tumor  of  the  frontal  bone  show  it  to  be  a 
typical  giant-celled  sarcoma.  The  mass  of  the  tissue  consists  of  bundles  of 
spindle  cells  and  masses  of  round  cells,  but  there  are  also  many  larger  cells 
with  a  single,  irregularly  staining  nucleus,  and  numerous  giant  cells  with 
five  or  more  nuclei.  In  general  the  sections  examined  show  the  following 
changes : 

1.  Absorption  of  the  healthy  bone. 

2.  Formation  of  new  bone  coincident,  but  in  no  way  connected,  with 
the  absorption  process. 

3.  The  failure  of  calcification  in  this  new  bone. 

4.  The  destruction  of  the  regular  structure  of  the  bone  and  the  addition 
of  new  uncalcified  bony  tissue. 

5.  The  formation  of  a  giant-celled  sarcoma  in  the  affected  portion  of  the 
skull. 

These  changes  correspond  closely  to  those  described  by  Paget,  Stilling, 
and  others  who  have  subjected  their  cases  of  osteitis  deformans  to  a  micro- 
scopic examination. 

Suprarenal  Bodies.  Microscopic  examination  shows  these  structures  to  be 
normal. 

Eypophysis  Cerebri,  Sections  of  the  hypophysis  cerebri  show  no  abnor- 
mality. 

Nodule  from  the  Pia.  Consists  of  a  collection  of  round  and  spindle  cells  with 
a  moderate  amount  of  intercellular  substance  and  with  deeply-staining  nuclei. 
It  is  well  supplied  with  bloodvessels  whose  walls  consist  merely  of  a  single 
layer  of  endothelium.  In  many  places  giant  cells  are  found.  The  nodule  is 
evidently  a  metastasis  from  the  tumor  of  the  frontal  lobe. 
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TJie  nodule  from  the  diaphragmatic  pleura  is  of  the  same  structure  as  the 
nodule  in  the  pia,  and  has  evidently  the  same  origin.  It  also  shows  numerous 
giant  cells. 

In  the  literature  we  find  references  to  ninety-nine  cases  reported  as 
osteitis  deformans.^  Careful  study  of  these  cases  show,  however,  that 
four  of  them  were  certainly  instances  of  some  conditions  other  than 
even  slightly  developed  osteitis  deformans.  Twenty-nine  may  possi- 
bly have  been  instances  of  this  disease,  but  the  facts  given  were  not 
sufiiciently  definite  to  warrant  the  statement  that  they  were  typical 
cases  of  osteitis  deformans.  Many  of  these  reported  as  instances  of 
this  disease  were  apparently  examples  of  tumors  of  bone  of  more  ordi- 
nary nature,  or  of  osteomalacia  or  fragilitas  ossium,  with  local  enlarge- 
ment secondary  to  fractures.  Sixty-six  cases  were  found  which,  in 
our  judgment,  are  typical  instances  of  the  disease  described  by  Paget, 
in  1877,  in  an  article  in  the  Medico- Chirurgical  Transactions, 

Etiology.  Among  the  cases  so  far  reported  forty-one  (including 
our  own)  were  males,  twenty-four  females,  and  in  two  the  sex  is  not 
stated.  The  youngest  patient  at  the  time  of  coming  under  observation 
was  that  of  Watson,  whose  age  was  thirty-nine  years,  while  two  patients 
(Silcock's  and  Lloyd's)  were  eighty-two  years  old  when  they  were  first 
seen.  Moizard  and  Bourges  have,  however,  reported  a  patient  who 
was  seventy-three  years  of  age  when  coming  under  observation,  but  the 
disease  seems  to  have  quite  definitely  started  at  the  age  of  twenty-one. 
The  average  age  at  the  time  of  coming  under  observation  was  sixty- 
one  years ;  the  age  at  the  time  of  onset  was  capable  of  determination 
in  fifty-one  cases,  and  averaged  forty-nine  and  one-half  years,  the 
youngest  of  these  being  the  case  just  mentioned,  the  oldest  patient  at 
the  time  of  onset  being  between  seventy-nine  and  eighty  years  of  age. 
As  will  be  seen,  there  is  a  marked  difference  between  the  time  of  com- 
ing under  observation  and  the  time  when  the  first  symptoms  of  the 
disease  were  noted ;  eleven  of  the  fifty-one  cases  noted  had  symptoms 
definitely  pointing  to  the  onset  of  their  disease  when  they  wera  forty 
years  old  or  younger.  It  can,  therefore,  hardly  be  said  to  be  exclu- 
sively a  disease  of  those  very  advanced  in  years. 

1  Since  the  presentation  of  this  paper  a  case  has  been  reported  by  Atkinson  (Maryland  Medi- 
cal Journal.  July,  19()1).  The  patient  was  a  male,  aged  thirty-seven  years.  The  bones  affected 
were  the  skull,  left  forearm,  and  both  femora,  with  considerable  deformity.  There  was  no 
autopsy.    The  case  is  apparently  one  of  true  osteitis  deformans. 
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The  mental  capacity  of  oar  patient  was  but  slight.  In  one  case 
from  the  literature  (Joncheray's)  the  patient  and  one  other  member  of 
the  family  suffered  from  insanity,  while  a  patient  of  Lunn's  was  insane. 
Inheritance  seems  to  play  but  a  small  part  in  the  etiology  of  the  dis- 
ease, although  among  the  cases  which  we  have  studied  we  found  two 
brothers  with  the  disease  reported  by  Lunn,  while  Pic  and  Robinson 
have  each  reported  a  case  where  the  disease  was  present  in  two  mem- 
bers of  the  same  family. 

The  etiology  of  osteitis  deformans  is,  therefore,  very  uncertain.  It 
is  undoubtedly  a  disease  of  advanced  life,  although,  as  we  have  men- 
tioned, in  eleven. of  the  cases  collected  the  disease  began  before  the 
age  of  forty,  while  in  the  case  of  Moizard  and  Bourges  the  disease 
began  at  as  early  an  age  as  twenty-one  years.  The  influence  of 
heredity  is  doubtful.  In  reviewing  the  literature  there  seems  no  strik- 
ing evidence  of  any  marked  influence  exerted  by  consanguineous  mar- 
riages, nor  does  there  seem  to  be  any  marked  neurotic  tendency  in  the 
families  of  those  suffering  from  this  disease.  While  a  large  proportion 
of  the  cases  are  found  in  English  journals,  too  much  importance  should 
not  be  attached  to  locality  as  an  etiologic  factor,  as  the  disease  was 
first  described  by  Paget,  and  we  would  expect  his  countrymen  to  be  more 
familiar  with  the  disease  described  by  him  than  those  whose  attention 
had  not  been  particularly  drawn  to  the  subject.  In  this  connection 
it  is  interesting  to  note  how  frequently  a  series  of  cases  are  reported 
in  rapid  succession  in  various  countries,  showing  that  the  mere  fact 
of  the  public  mention  of  the  disease  would  seem  to  excite  interest  in 
the  condition  suflBcient  to  cause  recognition  of  other  cases. 

Symptomatology.  The  analysis  of  the  cases  reported  show  that  in 
14  enlargement  of  the  head  was  first  noted ;  that  in  13  deformity  of 
both  tibise  was  mentioned  as  the  first  sign  of  the  disease ;  in  11  the 
left  and  in  6  the  right  tibia  was  first  involved ;  while  deformity  of  the 
spine  was  first  seen  in  2  ;  of  the  right  radius  in  2  ;  of  the  right  clavicle, 
lower  jaw,  and  sternum  each  in  1  case. 

Analysis  of  the  cases  in  regard  to  the  bones  affected  at  the  time  of 
coming  under  observation  was  not  possible  in  all  of  the  cases.  In 
those  where  suflicient  details  were  given  it  was  found  that  deformity 
was  distributed  as  follows :  In  49  of  the  cases  the  bones  of  the  skull 
were  involved.  (It  should  be  noted  that  among  the  66  cases  from  the 
literature  9  departed  from  the  type  described  by  Paget,  in  the  fact 
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that  there  was  no  manifest  enlargement  of  the  head^  1  of  these  cases 
haying  been  seen  by  Paget  and  considered  by  him  a  true  instance  of 
the  disease.)  Both  tibiae  were  affected  in  47,  the  right  tibia  alone  in 
2  cases,  the  left  tibia  alone  in  1  case.  In  40  cases  both  femurs  were 
affected,  while  the  right  femur  was  alone  involved  in  3,  the  left  femur 
in  1  case.  The  spine  was  affected  in  31  cases  when  they  came  under 
observation.  In  24  cases  both  clavicles  were  thickened  and  deformed, 
the  right  clavicle  being  affected  alone  in  3  cases,  the  left  in  4  cases. 
The  bones  of  the  pelvis  were  affected  in  21  cases.  In  marked  con- 
trast to  the  frequency  of  involvement  of  the  tibiae,  the  fibulae  were 
found  to  be  affected  in  only  10  cases.  The  humeri  were  symmetri- 
cally involved  in  14  cases,  while  in  3  cases  that  of  the  right  side  and 
in  4  that  of  the  left  side  were  involved.  Both  radii  were  affected  in 
11  cases,  while  in  5  the  right  alone  and  in  3  the  left  radius  alone 
were  affected.  In  10  cases  the  ulnae  were  involved,  the  left  ulna 
being  deformed  in  2,  while  the  right  ulna  was  noted  in  no  case  as 
being  affected  where  the  left  escaped.  The  scapulae  were  involved  in 
6  cases.  The  ribs  were  thickened  in  16,  while  the  sternum  was  in- 
volved in  7.  In  8  cases  it  is  mentioned  that  the  lower  maxilla  was 
apparently  affected  by  the  disease,  while  in  1  case  it  is  stated  that  the 
bones  of  the  face  were  involved.  In  only  8  instances  were  the  patellae 
affected.  The  metatarsal  bones  were  involved  in  5,  the  tarsal  bones 
in  2  cases,  and  the  calcaneus  in  1  case.  It  is  seen,  therefore,  that 
after  the  skull  the  tibiae  are  the  bones  most  frequently  affected,  these 
being  followed  by  the  femurs,  spine,  pelvis,  and  clavicles,  ribs,  radii, 
and  ulnae.  This  distribution  would  seem  to  rather  point  toward  the 
fact  that  pressure  and  gravity  had  at  least  a  large  share  in  the  pro- 
duction of  the  deformities. 

While  in  many  of  the  cases  there  has  been  complaint  of  pain  in 
the  bones  subsequently  affected,  our  study  of  the  literature  would  not 
cause  us  to  attach  much  importance  to  this  as  a  symptom  of  the  dis- 
ease, nor,  in  fact,  has  the  latter  much  symptomatology,  the  results 
being  almost  entirely  objective. 

So  characteristic  is  the  deformity  in  well-marked  cases  that  it  has 
seemed  well  for  us  to  reproduce  here  Paget's  original  illustrations, 
with  a  few  others  from  the  literature.  (See  Figs.  6,  7,  8,  9,  10,  and 
11.)  We  would  draw  particular  attention  to  the  diminution  in  height, 
the  curious  deformity  of  the  shape  of  the  chest,  the  forward  bowing 
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of  the  head,  the  lozenge-shaped  abdomen,  the  trsDsverse  sulcas  rtiii- 
ning  across  the  abdomen,  the  broadeniiig  of  the  pelvis,  and  the  oat- 
ward  curvation  of  the  lower  extremities.  To  all  these  points  atten- 
tion has  been  drawn  by  previous  writers.  They  make  up  a  clinical 
picture  which  should  not  escape  observation. 

The  relative  frequency  of  malignant  growths  which  was  first  pointed 
out  by  Paget  in  hia  original  communication,  and  which  has  been  fre- 
quently mentioned  by  later  writers  as  characteristic  of  the  disease, 


would  hardly  seem  borne  out  by  a  review  of  cases  in  the  literature. 
Among  them  we  find  that  1  case  (Glutton's)  had  a  history  of  cancer 
in  the  family.  Out  of  66  cases,  3  had  cancer.  Including  our  own 
case,  making  a  total  of  67  cases,  5  had  sarcoma ;  2  cases  had  tumors 
of  non-malignant  nature.  In  1  case  (Lyon's)  there  was  combined 
osteitis  deformans  and  arthritis.  From  these  facts  it  would  seem  that 
possibly  too  much  stress  has  been  laid  on  this  association  in  the  ac- 
counts found  in  the  text-books.     When  we  bear  in  mind  that  this 
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disease  ie  especially  prone  to  affect  those  beyond  middle  age,  it  is  not 
surprising  that  ahout  4.5  per  cent,  of  the  cases  had  cancer,  although 
the  high  percentage  of  7.5  per  cent,  of  sarcoma  must  have  some 
significance. 

Diagnosis.     The  chief  difficulty  iu  the  matter  of  diagnosis  is  the 
determinatioD  as  to  whether  a  given  case  of  deformity  involving  but 


one  long  bone  is  an  incomplete  case  of  osteitis  deformans  or  whether 
it  should  be  considered  as  a  purely  local  affection.  In  some  of  the 
caaea  in  the  literature  this  question  cannot  be  decided.  The  simul- 
taneous involvement  of  more  than  one  bone,  particularly  if  the  two 
bones  be  far  removed  from  each  other,  and  therefore  not  affected  by 
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a  possible  local  cause,  should  make  us  suspicious  of  osteitis  deformans, 
providing  no  manifest  cause,  snch  aa  syphilis  or  malignant  growth, 
could  be  assigned.  The  differential  diagnosis  of  this  disease  from  others 
which  apparently  are  somewhat  closely  allied  to  it,  in  being  so  far  as 
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■we  can  !it  present  aee  disorders  of  the  growth  of  the  skeleton,  should 
not  be  a  mutter  of  difficulty.  In  mollities  osaium,  to  which  disease 
this  seems  cert:iinly  to  bear  some  relittion,  there  is  not  the  same  thick- 
ening of  the  bones  as  is  seen  in  this  disease,  nor  is  the  head  involved. 
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In  fragilitas  ossium  we  have  deformity  produced  by  the  fractures 
which  have  taken  place,  but,  except  for  the  thickening  around  these 
fractures,  there  is  no  hypertrophy  of  bone.  Acromegaly  shows  but 
few  features  in  common  with  this  disease,  while  it  differs  from  it  in 
the  shape  of  the  head,  in  the  seat  of  the  deformity,  and  in  the  charac- 
ter of  the  latter.  In  osteitis  deformans  the  cranium  is  triangular, 
with  the  base  upward;  in  acromegaly  the  base  is  below,  from  the 
fact  that  in  the  former  disease  the  calvarium  is  chiefly  involved,  while 
in  the  latter  disease  the  lower  jaw  and  orbital  arches  are  involved  far 
more  than  is  the  calvarium.  From  leontiasis  ossium  this  disease 
differs  in  the  fact  that  the  bones  of  the  face  are  not  affected,  or  only 
slightly,  in  osteitis  deformans,  while  in  hyperostosis  cranii  the  long 
bones  escape.  To  giantism  this  disease  has  not  even  superficial 
resemblance ;  in  fact,  the  patient's  stature  is  diminished  owing  to  the 
bending  of  the  long  bones  and  to  the  almost  constant  dorsocervical 
kyphosis. 

Treatment.  Occasionally  in  the  literature  the  statement  is  found 
that  the  pains  accompanying  the  development  of  this  disease  seemed 
to  be  relieved  by  the  use  of  iodide  of  potassium.  In  a  far  greater 
number  of  cases,  however,  the  use  of  this  drug  has  been  productive 
of  no  relief,  and,  so  far  as  we  could  find,  there  was  no  evidence  of  its 
producing  any  diminution  of  the  size  of  the  bones  in  cases  which  are 
evidently  osteitis  deformans  and  not  simply  osteitis  due  to  syphilitic 
infection. 

Pathology.  The  characteristic  features  of  the  morbid  anatomy 
of  osteitis  deformans  can  be  summarized  as  follows  : 

Skull.  The  distinction  between  the  outer  and  inner  table  and  the 
diploe  is  entirely  lost.  The  entire  thickness  of  the  cranium  is  com- 
posed of  finely  porous  bone  substance,  bounded  on  the  inner  and 
outer  surfaces  with  a  thin  plate  of  harder  bone.  Microscopically  the 
porous  substance  is  seen  to  consist  of  a  network  of  thin  bony  processes. 
The  canals  of  the  Haversian  systems  are  enlarged  and  confluent,  evi- 
dently the  result  of  absorption.  In  the  lacuna),  representing  the 
normal  medullary  substance,  are  numerous  giant  cells,  leukocytes, 
and  fat  cells,  contained  in  a  network  of  vascular  connective  tissue. 
Running  through  the  affected  areas,  and  seen  as  well  in  the  healthy 
portions  of  the  skull,  when  such  are  present,  are  bands  of  new-formed 
bony  tissue.     The  osteoblasts  of  this  new  bone,  while  present  in  con- 
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siderable  n umbers,  are  not  as  plentiful  as  in  healthy  growing  bone,  and 
are  irregularly  arranged.  The  branching  processes  of  the  new  canals 
are  shorter  than  normal  or  are  entirely  lacking.  The  important 
characteristics  of  this  attempt  at  regeneration  is  that  the  new  sub- 
stance remains  uncalcified,  and  is  in  time  reabsorbed.  The  border 
line  between  the  new  and  old  bone  is  sharply  defined,  indicating  that 
the  two  processes  are  in  no  way  connected.  Most  observers  state 
that  the  regenerative  process  originates  in  the  periosteum,  or  from 
the  dura,  while  von  Recklinghausen  holds  that  it  comes  from  the 
medulla.  In  our  own  sections  the  new  tissue  appears  to  come  from 
the  periosteum. 

The  result  of  the  combination  of  these  absorptive  and  regenerative 
processes  is  a  total  destruction  of  all  symmetry  in  the  internal  struc- 
ture of  the  skull  or  long  bones. 

As  a  rule,  the  presence  of  the  uncalcified  new  bone  substance 
renders  the  cranium  softer  than  usual,  but  in  some  places  areas  of 
sclerotic  bone  tissue  of  ivory-like  hardness  are  found. 

In  the  long  bones  the  normal  relation  of  compact  and  cancellated 
structure  is  entirely  destroyed.  The  outer  walls  of  hard  bone  are 
represented  by  thin,  irregular  plates  lying  directly  under  the  perios- 
teum. In  general,  the  histologic  picture  here  is  the  same  as  that  of 
the  skull,  except  that  the  medullary  substance  is  more  fatty,  and  that 
certain  changes  are  observed  that  von  Recklinghausen  classes  as 
retrogressive  and  progressive.  The  result  of  the  former  is  the  pro- 
<iuction  of  cysts  filled  with  gelatinous  substance.  The  progressive 
changes  produce  fibrous  tumors  or  giant-celled  sarcomata.  The  lat- 
ter are  sometimes  found  in  the  skull,  as  in  the  case  here  reported,  but 
are  rare  in  this  position. 

In  the  bodies  of  the  vertebrae  the  histologic  changes  are  practically 
the  same  as  in  the  skull. 

A  consideration  of  the  morbid  anatomy  of  the  various  bony  struc- 
tures aifected  in  osteitis  deformans  readily  explains  the  clinical  feat- 
ures of  the  condition.  The  thickening  of  the  cranium  and  of  the 
long  bones  is  due  to  the  formation  of  asymmetrical  new  bone  tissue. 
In  the  long  bones  and  the  vertebrse  the  fact  that  this  new  tissue 
remains  uncalcified  and  that  the  compact  substance  is  being  con- 
tinually absorbed  causes  weakening,  and  the  bending  that  results  is 
the  characteristic  deformity  of  the  disease.     The  tendency  to  fracture, 
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seen  in  osteomalacia,  is  absent  in  osteitis  deformans,  since  the  presence 
of  un calcified  new  bone  has  a  tendency  to  make  the  bones  elastic  and 
not  easily  broken. 

Etiology.  Up  to  the  present  time  there  is  no  thoroughly  satisfac- 
tory explanation  of  the  conditions  necessary  to  produce  the  lesions  of 
osteitis  deformans.  However,  it  may  be  of  interest  to  briefly  review 
the  various  theories  that  have  been  advanced.  Yon  Recklinghausen 
holds  that  the  process  of  absorption  is  a  true  osteomalacia  associated 
with  inflammatory  processes,  which  commences  synchronously  with 
the  destruction  of  the  bony  tissue,  and  leads  to  the  transformation  of 
the  medullary  substance  into  fibrous  tissue.  From  this  the  processes 
of  new  bone  grow  out.  The  exciting  cause,  in  his  opinion,  is  me- 
<$hanical.     He  bases  his  theory  on  the  following  facts : 

1.  That  the  cysts  and  sarcomata  in  the  medulla,  which  he  considers 
to  be  the  first  manifestation  of  the  disease,  occur  at  those  points  where 
the  skeleton  is  most  exposed  to  violence. 

2.  That  the  thickening  occurs  at  the  points  of  greatest  strain — that 
is,  in  the  shafts  of  the  long  bones  and  in  the  vertebrae. 

3.  That  the  skull  is  often  affected,  because  it  is  exposed  to  extremes 
of  heat  and  cold  to  a  greater  extent  than  is  the  rest  of  the  body. 
These  conditions  act  largely  through  their  effect  in  producing  con- 
traction in  the  bloodvessels. 

Paget  thought  that  the  whole  process  was  inflammatory,  associated 
with  absorption,  and  explains  the  occurrence  of  the  connective  tissue 
in  the  medulla  as  a  result  of  inflammatory  hyperplasia. 

Stilling  thinks  that  the  absorptive  process  is  the  result  of  a  rare- 
fying osteitis  with  its  usual  accompaniment,  the  formation  of  new 
bone,  which,  however,  remains  uncalcified. 

Lancereaux  has  advanced  the  theory  that  the  new  bone  formation 
is  an  attempt  at  reinforcement  of  the  long  bones  which  have  been 
weakened  by  absorption.  This  view  is  rendered  untenable  by  the 
fact  that  the  new  tissue  is  formed  not  upon  the  concavity,  but  upon 
the  convexity  of  the  deformed  shafts. 

None  of  the  last  three  authorities  advances  any  theories  as  to  the 
immediate  cause  of  the  disease.  The  theory  that  the  exciting  cause 
is  mechanical  renders  it  necessary  to  assume  some  predisposing  con- 
dition, and  up  to  the  present  time  no  satisfactory  explanation  has 
been  advanced.     It  has  been  asserted  by  some  that  the  process  is  a 
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trophic  one,  associated  with  lesions  in  the  nervous  system.  Stilling 
found  a  periependemal  sclerosis  in  one  of  his  cases.  Yon  Reckling- 
hausen describes  masses  of  round  cells  around  the  bloodvessels  of  the 
cord  in  one  instance.  Gilles  de  la  Tourette  and  Marinesco,  and  Levi 
demonstrated  sclerosis  of  the  posterior  and  lateral  columns  and  much 
degeneration  of  the  bloodvessels  of  the  cord.  However,  the  absence 
of  all  clinical  evidence  of  trouble  in  the  nervous  system  and  the 
results  of  many  examinations  that  have  shown  the  cord  and  bone 
nerved  (von  Recklinghausen)  to  be  perfectly  normal  render  it  unlikely 
that  the  lesions  referred  to  have  anything  to  do  with  the  origin  of  the 
condition. 

Diagnosis.  The  diagnosis  between  osteitis  deformans  and  other 
affections  of  the  skeleton  of  somewhat  similar  character  is  not  difficult 
when  based  upon  a  study  of  the  distribution  of  the  lesions  and  their 
pathologic  histology.  The  disease  most  closely  allied  is  osteomalacia ; 
indeed,  the  two  affections  merge  into  one  another.  The  main  point 
of  difference  is  that  in  osteitis  deformans  synchronously  with  the  ab- 
sorptive process  a  process  of  regeneration  takes  place.  The  callus 
that  forms  about  the  fractures  that  are  so  common  in  osteomalacia 
somewhat  resembles  the  new  bone  of  osteitis  deformans,  except  that 
it  is  localized  about  the  seat  of  a  fracture.  It  often  shows  a  lack  of 
calcification.  Moreover^  fractures  do  not  occur  in  osteitis  deformans. 
The  absorptive  processes  of  both  diseases  are  practically  identical  in 
their  origin  and  appearance. 

Leontiasis  ossea  affects  the  bones  of  the  face,  and  the  histologic 
picture  is  that  of  osteosclerosis.  The  same  may  be  said  of  hyperostosis 
cranii  and  gigantism. 

Several  writers  upon  the  subject,  especially  Lancereaux  and 
Richard,  have  made  an  effort  to  show  that  arthritis  deformans  and 
osteitis  deformans  were  different  manifestations  of  the  same  disease. 
They  chiim  that  both  originate  in  some  trophic  disturbance,  and  in 
one  the  joints,  in  the  other  the  shafts  of  the  long  bones  and  the  skull 
are  iiffected.  Their  evidence  has  been  entirely  clinical,  and  consists 
of  several  cases  in  which  the  two  diseases  appeared  to  be  coexistent. 
No  autopsy  upon  an  undoubted  case  of  osteitis  deformans  has  borne 
out  their  theory. 

Our  conclusions  from  the  study  of  this  case  and  of  the  literature  of 
osteitis  deformans  would  be  as  follows : 


OSTEITIS    DEFORMANS.  685 

A.  From  the  Clinical  Stand-point. 

1.  Beside  our  own  ease  66  true  cases  of  osteitis  deformans  are 
found  in  the  literature. 

2.  Osteitis  deformans  is  a  distinct  disease  of  obscure  etiology,  but 
possibly  allied  to  although  not  identical  with  osteomalacia,  fragilitas 
ossiura,  and  acromegaly. 

3.  The  disease  is  one  especially  of  later  adult  life,  although  its  onset 
has  been  noted  at  as  early  a  period  as  the  twenty-first  year.  Of  the 
67  cases,  61  per  cent,  occurred  in  males,  35  per  cent,  in  females.  In 
a  small  number  of  cases  trauma  has  seemed  to  play  a  part  in  the 
etiology.  There  is  very  little  evidence  of  a  family  tendency  to  the 
disease,  although  there  are  a  few  examples  in  the  literature. 

4.  The  subjects  of  the  disease  bear  a  striking  resemblance  to  each 
other  in  their  general  characteristics,  the  most  noteworthy  features  of 
which  are  enlargement  and  forward  projection  of  the  head,  dorso- 
cervical  kyphosis,  the  prominence  of  the  clavicles,  the  spreading  of 
the  base  of  the  thorax,  the  diamond-shaped  abdomen  crossed  by  a 
deep  sulcus,  the  relative  increase  in  the  width  of  the  hips,  and  the 
outward  and  forward  bowing  of  the  legs. 

5.  The  bones  most  frequently  affected  are  those  of  the  cranium,  the. 
tibiae,  and  the  femurs,  in  the  two  former  of  which  the  deformity  was 
usually  first  noted.  There  is  a  curious  preponderance  of  cases  wherein 
the  left  side  was  either  first  or  most  involved,  although  at  times  it  was 
noted  that  the  enlargement  was  crossed,  so  that  the  lower  extremities 
of  one  side  while  the  upper  extremities  of  the  other  were  involved  to 
the  greatest  degree. 

6.  The  association  with  malignant  disease,  while  present  in  our  case, 
would  seem  to  be  not  quite  so  frequent  as  is  usually  stated. 

B.  From  the  Pathological  Stand-point, 

1.  Osteitis  deformans  is  a  disease  affecting  the  skull,  vertebrae,  and 
certain  of  the  long  bones.  Its  essential  pathologic  characteristics 
are: 

a.  Absorption  of  the  compact  substance  causing  enlargement  and 
confluence  of  the  Haversian  canals. 

b.  Formation  of  new  bone  which  runs  diffusely  through  the  affected 
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and  the  adjacent  healthy  portions.  This  new  bone  remains  nncalci- 
fied,  and  is  in  turn  reabsorbed. 

c.  The  conversion  of  the  medullary  sabstance  into  a  vascular  con- 
nective tissue  containing  fat  cells,  giant  cells,  and  leukocytes.  In  a 
small  proportion  of  the  reported  cases  cysts  filled  with  gelatinous 
material  and  giant-celled  sarcomata  occur  in  the  medulla. 

d  Asa  consequence  of  these  three  processes,  the  ordinary  relations 
of  the  compact  substance  and  medulla  are  destroyed.  The  bones 
become  exceedingly  thickened  and  asymmetrical,  but  since  the  new 
bone  tissue  remains  uncalcified  its  elasticity  permits  of  great  deformity 
of  the  long  bones  from  the  weight  of  the  body,  and  fractures  do  not 
occur. 

2.  The  whole  picture  of  osteitis  deformans  from  its  pathologic 
aspect  is  so  very  characteristic  that  it  must  be  considered  a  distinct 
disease,  and  its  pathologic  diagnosis  is  correspondingly  easy. 

3.  The  etiology  of  the  condition  is  as  obscure  as  when  Paget  first 
described  it.  Some  predisposing  tendency,  probably  trophic,  must  be 
assumed,  and  the  exciting  cause  may  be  mechanical — in  the  skull, 
extremes  of  heat  and  cold,  and  in  the  vertebrse  and  long  bones  the 
ordinary  traumata  to  which  these  bones  are  exposed.  Lesions  of  the 
nervous  system  are  inconstant  and  rare,  and  are  probably  not  a  causal 
factor. 
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Few  diseases  present  more  interesting  problems  for  solution  than 
arthritis  deformans :  Are  there  not  several  disorders  embraced  under 
this  term  ?  Is  it  a  chronic  infection  ?  or  is  it  primarily  an  affection 
of  the  nervous  system  ?  and,  above  all,  the  question  of  treatment  ? 
Let  me  briefly  call  your  attention  to  one  or  two  points.  Of  the  full- 
blown disorder  we  can  recognize  at  least  three  varieties — the  remark- 
able form  in  children^  associated  with  enlarged  spleen  and  lymph 
glands ;  a  variety  with  atrophy  of  the  joint  structures  and  ligamentous 
thickening,  but  without  osteophytes,  and  a  third,  the  more  common 
picture,  with  nodosities,  ring-bones,  exostoses,  etc.  Nothing  is  more 
remarkable  than  the  diversity  in  the  clinical  picture — the  acute  febrile 
onset  and  course  of  some  cases,  the  painless  course  in  one,  the  marked 
disturbances  of  sensation  in  another,  the  variations  in  the  degree  of 
wasting,  and  the  tendency  to  early  arrest  in  some,  to  progressive,  dis- 
abling arthritis  in  others.  Then,  again,  the  localities  involved.  While 
in  a  majority  of  cases  it  is  a  polyarthritis,  a  single  joint  may  be  in- 
volved, or  certain  groups;  the  small  joints  of  the  hands  and  feet 
alone,  or  the  large  joints  chiefly,  or  only  the  joints  of  the  legs,  or  the 
joints  of  the  spine. 

It  is  to  this  spinal  form  that  I  wish  to  direct  your  attention. 
Perhaps  the  oldest  known  anatomic  lesion,  since  it  has  been  found 
in  a  mummy,  an  exceptional  interest  has  been  excited  in  the  condi- 
tion by  the  studies  of  von  Bechterew,  Marie,  and  others,  who  have 
attempted  to  separate  at  least  two  diseases,  or,  at  any  rate,  well- 
marked  varieties.  Bechterew  described  an  affection  characterized  by 
(1)  rigidity  of  the  spine,  with  fixation  of  the  thorax ;  (2)  kyphosis, 
chiefly  of  the  upper  dorsal  spine,  so  that  the  head  is  bent  forward ; 
(3)  weakness,  with  atrophy  of  the  muscles  of  the  trunk,  neck,  and 
extremities;  (4)  disturbances  of  sensation — paresthesise,  pains,  etc. 
The  joints  of  the  spine  alone  are  involved.     While  at  first  he  thought 
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the  process  a  primary  spondylitis  deformans,  later  he  adopted  the 
view  that  the  affection  of  the  spine  was  secondary  to  a  compression 
of  the  nerve  roots  by  the  thickening  of  the  pia  mater.  This  caased 
the  pains,  etc.,  and  the  weakness  of  the  muscles  of  the  trunk.  The 
ankylosis  resulted  from  the  altered  statics  of  the  spinal  column, 
which,  losing  the  support  of  the  muscles,  flattened  the  cartilaginous 
disks  and  led  to  atrophy,  and  finally  to  union  of  the  bones.  Bech- 
terew  laid  stress  on  heredity  and  injury  as  factors  in  the  etiology. 

The  affection  described  by  Marie  (and  also  by  Striimpell)  as 
spondylose  rhizomelique^  or  spondylitis  with  involvement  of  the  roots 
of  the  limb,  is  characterized  by  the  same  rigidity  of  the  spine,  due  to 
ankylosis,  more  or  less  extensive  variable  nervous  features,  and  occa- 
sionally fixation  of  the  thorax.  The  distinguishing  feature  is  the 
involvement  of  other  joints,  usually  of  the  shoulders  and  hips,  or  the 
hips  alone,  but  in  many  cases  the  smaller  joints  as  well.  This 
Striimpell  Marie  group,  as  it  is  called,  is  distinguished  from  the  cases 
of  the  Bechterew  type  by  the  less  pronounced  nervous  symptoms,  and 
the  more  extensive  involvement  of  the  joints. 

The  following  is  a  brief  abstract  of  the  cases  which  have  been 
under  my  care  recently : 

Case  I. — Male,  aged  thirty-three  years ;  seen  January  18, 1899.  There  is  no 
hereditary  history ;  no  injury  or  gonorrhea.  There  was  rheumatic  affection  of 
the  joints  fourteen  years  ago,  and  for  eleven  years  he  has  been  much  crippled  ; 
every  joint  in  the  body  has  been  affected ;  there  is  much  pain  at  times.  He  was 
able  to  work  until  three  years  ago.  He  has  never  had  any  pain  in  the  back,  hut 
for  eighteen  months  or  more  has  had  to  stoop  from  the  hips.  He  has  had  spells 
of  fever  at  times.  There  are  present  pigmentation  of  the  skin,  enlargement  of 
the  spleen,  rigidity  of  the  entire  spine,  kyphosis  at  the  junction  of  the  dorsal 
and  cervical  vertebrae,  moderate  atrophy  of  the  shoulder-girdle  muscles ;  the 
thorax  is  almost  immobile,  the  ankles  and  several  smaller  joints  of  the  hands 
are  thickened,  the  left  shoulder  is  swollen,  and  there  is  crepitus  on  motion. 

Case  II. — Male,  aged  fifty-two  years  ;  seen  October  13, 1899.  There  is  no 
hereditary  history ;  no  injury.  Had  ''rheumatic''  attacks  in  1885,  1887,  and 
1891 ;  the  shoulders,  hips,  and  wrists  were  involved.  Since  1891  he  has  been 
gradually  getting  worse,  and  stiffness  of  the  spine  has  gradually  come  on.  The 
right  shoulder  is  restricted  in  motion,  and  the  left  is  tender.  The  right  knee 
is  enlarged.  There  is  almost  complete  spinal  rigidity  and  moderate  kyphosis. 
There  is  complete  thoracic  immobility  and  no  pain  in  the  spine,  but  a  little 
pain  on  turning.    The  dorsal  muscles  are  singularly  hard  and  firm. 

Case  III. — Male,  aged  fifty-eight  years ;  seen  February  6, 1891.  There  is  no 
hereditary  history ;  no  trauma.  Had  rheumatism  four  years  ago ;  the  right  knee 
and  ankle  are  swollen  ;  has  been  in  bed  four  months.    His  back  began  to  get 
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sore  and  stiff,  and  he  has  been  getting  worse  ever  since.  His  head  began  to 
bend  forward ;  for  six  months  he  could  not  bend  his  back.  He  has  had  much 
pain,  also  a  great  many  boils;  he  has  had  pains,  with  numbness  and  tingling 
in  legs.  A  tremor  has  gradually  come  on  in  the  hands,  and  the  voice  has 
changed.  Extreme  grade  of  spinal  rigidity,  with  kyphosis,  and  marked 
atrophy  of  muscles  of  the  back,  shoulder  girdles,  and  of  the  hands ;  charac- 
teristic movements  of  paralysis  agitans ;  crepitation  in  joints  of  arms ;  no 
swelling.  Extensive  arthritis  of  right  hip-joint,  with  shortening  of  the  leg ; 
both  knees  are  slightly  swollen ;  no  osteophytes. 

Case  IV. — Male,  aged  thirty  yean ;  seen  June  7, 1900.  There  is  no  heredi- 
tary history ;  no  trauma.  Five  years  ago  he  had  rheumatic  attack  in  one  hip ; 
had  rheumatism  again  in  February,  1899,  and  has  had  ever  since  progressive 
difficulty  in  movement  of  the  spine,  and  pains  in  the  back  and  sides.  Spine 
immobile ;  slight  kyphosis ;  chest  flat,  and  movements  much  restricted.  Pains 
are  now  about  the  shoulders,  and  in  the  back  when  he  attempts  movement ; 
there  is  no  impairment  of  sensation ;  there  is  moderate  wasting  of  the  muscles 
of  the  trunk ;  hips  and  shoulders  are  not  affected ;  the  right  elbow  is  in- 
volved ;  he  cannot  fully  extend  the  arm ;  knee-jerks  are  exaggerated. 

Case  V. — Female,  aged  seventy -two  years,  was  brought  to  my  out-patient 
clinic  in  February,  1900.  For  several  years  has  had  gradual  disability,  owing 
to  stiffening  of  the  spine,  with  agonizing  pains.  Extreme  kyphosis ;  difficulty 
in  swallowing ;  no  joints  of  the  limbs  are  involved ;  there  is  wasting  of  the 
shoulder-girdle  muscles,  of  the  back,  and  of  the  arms;  immobility  of  the 
thorax.  She  has  pains  of  great  severity  in  the  back  and  sides,  requiring  two 
to  four  grains  of  morphin  a  day. 

The  position  I  wish  to  take  in  this  discussion  is  that  the  forms 
described  by  von  Bechterew,  Striimpell,  and  Marie  are  not,  as  has 
been  suggested,  separate  maladies,  but  are  only  varieties  of  arthritis 
deformans.     It  seems  that  my  cases  bear  out  this  view  very  strongly. 

Case  I.  had  had  extensive  involvement  of  the  peripheral  joints,  and 
when  he  came  under  observation  they  were  very  much  thickened.  He 
had  complete  rigidity  of  the  spine,  with  atrophy  of  the  shoulder-girdle 
muscles,  and  immobility  of  the  thorax.  He  had  had  no  pain.  So 
also  in  Cases  II.,  III.,  and  IV.  other  joints  were  involved,  while  the 
spinal  involvement  was  quite  characteristic  of  the  spondylitis  defor- 
mans. Case  V.  alone  had  no  other  involvement  of  the  joints.  She 
had,  too,  in  a  more  severe  form  the  agonizing  pains  which  have  been  de- 
scribed in  some  cases,  and  a  great  degree  of  wasting  of  the  shoulder- 
girdle  muscles.  Some  years  ago  in  the  Museum  at  Buffalo  I  was 
much  interested  in  a  remarkable  skeleton  illustrating  the  spondylitis 
deformans,  and  I  suggested  to  Dr.  Stockton  that  he  should  bring  it 
here,  as  it  illustrates  the  anatomic  condition  in  a  remarkable  way.  It 
is  of  special  value,  as  it  shows  the  involvement  of  other  joints. 
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Exhibited  bt  D.  S.  LAMB.  M.D., 

OF  WASHINQTON,  D.  C 


By  request  of  Dr  William  Osier,  Dr.  Lamb,  of  the  Army  Medical 
Museum,  showed  the  following  specimens  from  the  collection : 

A  specimen  of  a  portion  of  the  spine  of  the  famous  horse  '^  Chester 
Morris,"  showing  arthritis  deformans. 

The  greater  part  of  the  spinal  column  of  a  human  adult,  showing 
arthritis  deformans  in  cervical,  thoracic,  and  lumbar  regions.  No 
history.  The  specimen  came  from  the  Gibson  collection,  Richmond, 
Va.,  which  was  bought  by  the  Museum. 

Skeleton  showing  arthritis  deformans  of  the  spine  of  a  human  adult, 
with  marked  posterior  curvature.  Obtained  by  Prof.  William  H. 
Dall,  United  States  National  Museum,  Washington,  D.  C,  from  an 
Aleutian  village  community- house,  of  stone,  belonging  to  the  latter 
part  of  the  Hunting  period,  near  Ulakhta  Head,  Amaknak  Island, 
Bay  of  Unalashka.     Of  course,  no  history. 


SKELETON  OF  THE  SPINAL  FORM  OF  ARTHRITIS 

DEFORMANS. 


Exhibited  by  CHARLES  G.  STOCKTON,  M.D., 

Oy  BUFFALO,  N.  Y. 


This  interesting,  and  in  some  respects  unique,  skeleton  I  present 
at  the  request  of  Dr.  Osier.  It  comes  from  the  Museum  of  the  Medi- 
cal Department  of  the  University  of  Buffalo,  to  which  it  was  presented 
by  Dr.  Roswell  Park.  I  had  the  opportunity  of  seeing  during  life  the 
man  from  whom  the  skeleton  came,  and  of  making  some  clinical  ob- 
servation upon  him.  Born  in  England  of  mixed  French  and  English 
parentage,  he  was  at  the  time  of  his  death  forty-four  years  old.  He 
was  received  as  a  patient  at  the  Erie  County  Almshouse  in  1878,  at 
which  time  he  had  lived  eleven  years  in  the  United  States.  He  died 
after  having  been  in  the  hospital  fifteen  years.  The  man  was  of  in- 
temperate habits,  and  was  by  occupation  a  stonemason.  He  entered 
the  institution  because  of  disability,  the  result  of  arthritis,  which 
began  some  five  years  before  as  the  continuation  of  a  gonorrheal 
arthritis.  The  joint  affection  was  progressive  after  his  entrance,  and 
for  about  three  years  before  his  death  he  was  unable  to  move  any 
joint  in  his  body.  It  was  necessary  to  extract  his  incisor  teeth  so 
that  he  could  be  fed.  He  complained  of  much  pain,  which  was  re- 
lieved by  taking  ten  grains  of  acetanilid  in  whiskey.  He  was  much 
constipated.  The  complexion  was  very  dark  from  pigmentation.  He 
became  toward  the  end  very  much  emaciated,  and  there  was  marked 
muscular  atrophy,  most  pronounced  in  the  legs.  The  attitude  assumed 
by  the  skeleton  probably  resulted  from  the  posture  taken  by  the  patient 
as  he  was  propped  up  in  bed.  All  the  vertebrae  and  the  pelvis  were 
united  by  strong  ankylosis,  the  inferior  maxillary  bone  being  abso- 
lutely fixed.  Some  of  the  other  joints,  that  were  perfectly  immovable 
during  life,  after  preparation  of  the  skeleton  were  found  to  admit  of 


slight  motion.     A  singular  feature  is  the  deep  groove  that  appears  on 
either  side  of  the  pubis,  extending  downward  and  involving  the  bead 
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of  the  femur.    The  grooves  through  which  pass  the  tendons  of  muscles 
are  found  to  he  unusually  deep. 


DISCUSSION. 

Db.  Sachs  :  I  was  interested  in  this  subject  for  a  number  of  years,  and 
about  a  year  ago  published  a  paper  which  I  dare  say  is  not  familiar  to  the 
majority  of  the  gentlemen  here.  To  distinguish  between  the  two  types  that 
Dr.  Osier  has  referred  to  has  given  us  much  trouble,  and  I  am  glad  to  hear  Dr. 
Osier  say  that  he  is  in  favor  of  considering  them  both  as  arthritis  deformans. 
The  argument  that  the  one  form  is  secondary  to  spinal-root  disease  is  difficult 
to  accept.  The  Marie  type  is  one  we  can  recognize  very  easily,  but  the  name 
that  has  been  proposed  by  the  French  authors — spondylose  rhizomelique — is 
not  particularly  fitting,  I  think.  That  case  which  corresponded  in  every 
other  respect  to  the  jMarie  type  should  be  accepted,  I  think,  as  a  case  of  wide- 
spread arthritis  deformans.  A  day  or  so  before  leaving  New  York  I  had  the 
opportunity  of  seeing  a  case  of  the  Bechterew  type.  It  was  in  a  patient 
thirty-five  years  of  age,  who  was  received  into  the  hospital  complainiug 
of  pain  and  inability  to  move  the  right  arm.  I  found  complete  ankylosis 
of  the  upper  dorsal  portion  of  the  spinal  column.  The  pain  radiated  over 
the  right  thorax,  and  there  was  atrophy  only  of  the  muscles  innervated  from 
that  special  segment. 

Dr.  J.  P.  Crozer  Griffith  :  I  would  like  to  show  in  this  connection  a 
specimen  from  a  case  reported  some  years  ago  by  the  late  Dr.  Charles  Her- 
wirsch,  then  one  of  my  hospital  assistants.  It  was  published  by  him,  but  in 
a  journal  so  little  known  that  it  is  doubtful  whether  any  of  those  present 
have  seen  the  photograph  which  accompanied  the  report.  This,  too,  I  will 
pass  around  with  the  specimen. 

The  case  was  that  of  a  woman,  aged  seventy-one  years,  who  had  been 
perfectly  healthy  until  about  the  age  of  sixty-four  years,  when  she  began  to  de- 
velop an  enlargement  of  the  head,  and  gradually  grew  more  and  more  stupid 
and  apathetic  until  she  barely  recognized  or  noticed  her  friends.  I  saw  her 
only  very  casually  before  death,  and  although  noticing  the  size  of  her  head, 
which  suggested  hydrocephalus,  I  made  no  examination  of  her.  She  came  to 
autopsy,  and  still  the  head  was  supposed  to  be  hydrocephalic.  But  when 
the  operator  began  to  saw  off  the  calvarium,  all  of  us  standing  about  won- 
dered why  he  took  such  a  very  long  time  to  get  through  the  bone.  We  were 
even  disposed  to  criticise  silently  his  lack  of  skill.  The  calvarium,  which  I 
exhibit,  explains,  however,  the  reason  for  the  delay.  You  see  how  enor- 
mously thickened  the  bone  is,  and  how  hard  it  is  in  some  places,  although 
rarefied  in  others.  As  you  see  it  it  illustrates  a  typical  case  of  hyperostosis 
cranii. 
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Yet  while  the  autopsy  was  going  on  I  took  occasion  to  feel  some  of  the 
other  hones  of  the  hody,  and  discovered  that  the  pelvis  and  the  hones  of  the 
upper  and  lower  extremities  were  also  very  greatly  thickened.  This  fact  at 
once  takes  the  case  out  of  the  class  of  hyperostosis  cranii,  or  leontiasis  oesea, 
if  we  limit  the  term  as  some  have  done,  and  put  it  in  that  of  osteitis  deformans. 
Yet  here,  too,  it  does  not  fit  altogether,  since  in  this  latter  condition,  accord- 
ing to  some  statements,  the  head  should  not  be  greatly  enlarged.  It  seems  to 
me  very  likely  that  these  two  diseases  shade  into  each  other  very  decidedly, 
and  that  a  sharp  separation  is  impossible  in  the  present  state  of  our  knowledge. 

I  wish  also  to  show  photographs  of  a  condition  seen  in  a  boy  of  about  eight 
years,  whose  case  I  hope  to  report  in  full  another  time.  This  child  had 
a  head  very  typically  that  of  hyperostosis  cranii,  yet  the  bones  of  the  ex- 
tremities were  greatly  thickened  also,  as  in  this  woman.  Now,  inasmuch  as 
osteitis  deformans  is  a  disease  of  older  years,  this  case  should  not  be  placed 
in  that  category ;  yet  to  all  appearances  the  gross  lesions,  at  least,  are  similar 
to  cases  of  the  adult  disease — another  reason  for  believing  that  it  is  impossible 
to  separate  sharply  from  each  other  some  of  these  diseases  of  the  bone. 

Dr.  Cabot:  I  wish  to  speak  of  two  points  in  regard  to  Dr.  Osier's  paper. 
First,  the  distinction  between  the  acute  destructive  and  the  chronic  produc- 
tive forms.  The  study  of  Dr.  Goldthwait's  specimens,  obtained  largely 
through  operations  on  these  cases,  has  convinced  me  that  these  two  pro- 
cesses, instead  of  being  two  different  stages  or  phases  of  one  disease,  are 
practically  different  diseases.  The  second  point  I  want  to  mention  concerns 
the  relief  given  to  the  spinal  cases  by  mechanical  support.  The  relief  thus 
secured,  say  by  the  use  of  a  plaster  jacket,  is  sometimes  very  marked. 

Dr.  Putnam  :  I  would  like  to  ask  Dr.  Packard  if  he  thinks  such  cases  as 
he  described,  and  of  which  I  have  seen  a  number,  where  the  head  alone  is 
enlarged,  and  especially  in  the  anterior  portion,  should  be  diflferen dated  from 
the  cases  of  Paget's  disease  ? 

Dr.  Packard:  In  answer  to  Dr.  Putnam,  I  would  say  that  we  know  so 
little  about  these  cases  as  yet  that  we  are  not  ready  even  to  classify  them. 
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